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ID Task Name Duration Start Finish

1 Maxson Process Upgrades DN/CMAR 1575 days Mon 4/4/16 Fri 4/15/22

2 GMP 1 - PAA Disinfection Tank and Effluent Piping Structurea Upgrades 1047 days Mon 4/4/16 Tue 4/7/20

3 PER 80 days Mon 4/4/16 Fri 7/22/16

4 Final Design 214 days Mon 7/25/16 Thu 5/18/17

5 Permitting/Funding Approval 53 days Fri 5/19/17 Tue 8/1/17

6 Construction 700 days Wed 8/2/17 Tue 4/7/20

7 GMP 2 - Headworks Improvements 825 days Mon 7/25/16 Fri 9/20/19

8 PER 60 days Mon 7/25/16 Fri 10/14/16

9 Final Design 166 days Mon 10/17/16 Mon 6/5/17

10 Permitting/Funding Approval 279 days Tue 6/6/17 Fri 6/29/18

11 Construction 320 days Mon 7/2/18 Fri 9/20/19

12 GMP 3 - Two Secondary Clarifiers, Odor Control, Fine-Bubble Aeration 

Conversion

1257 days Mon 10/17/16 Tue 8/10/21

13 PER 120 days Mon 10/17/16 Fri 3/31/17

14 Final Design 303 days Mon 4/3/17 Wed 5/30/18

15 Permitting/Funding Approval 154 days Thu 5/31/18 Tue 1/1/19

16 Construction 680 days Wed 1/2/19 Tue 8/10/21

17 GMP 4 - RAS Re-aration 1096 days Mon 4/3/17 Mon 6/14/21

18 PER 75 days Mon 4/3/17 Fri 7/14/17

19 Final Design 272 days Mon 7/17/17 Tue 7/31/18

20 Permitting/Funding Approval* 239 days Wed 8/1/18 Mon 7/1/19

21 Construction* 510 days Tue 7/2/19 Mon 6/14/21

22 GMP 5 - Existing Trickling Filter Upgrades 1240 days Mon 7/17/17 Fri 4/15/22

23 PER 280 days Mon 7/17/17 Fri 8/10/18

24 Final Design 200 days Mon 8/13/18 Fri 5/17/19

25 Permitting/Funding Approval* 2 mons Mon 5/20/19 Fri 7/12/19

26 Construction* 720 days Mon 7/15/19 Fri 4/15/22

27 Biosolids Lagoon 5 Renovation 1690 days Mon 1/5/15 Fri 6/25/21

28 PER 56 days Mon 1/5/15 Mon 3/23/15

29 Final Design 203 days Tue 3/24/15 Thu 12/31/15

30 Permitting/Funding Approval* 125 days Mon 1/7/19 Fri 6/28/19

31 Construction* 520 days Mon 7/1/19 Fri 6/25/21

32 Maxson WWTF Administration Building 611 days Mon 1/1/18 Mon 5/4/20

33 PER 44 days Mon 1/1/18 Thu 3/1/18

34 Final Design 180 days Fri 3/2/18 Thu 11/8/18

35 Permitting/Funding Approval* 167 days Fri 11/9/18 Mon 7/1/19

36 Construction* 220 days Tue 7/2/19 Mon 5/4/20

37 Lagoon 2A Renovation* 556 days Mon 1/7/19 Mon 2/22/21

38 PER* 56 days Mon 1/7/19 Mon 3/25/19

39 Final Design* 180 days Tue 3/26/19 Mon 12/2/19

40 Permitting/Funding Approval* 60 days Tue 12/3/19 Mon 2/24/20

41 Construction* 260 days Tue 2/25/20 Mon 2/22/21

42 Primary Clarifier Pumping and BFP Improvements* 750 days Mon 1/7/19 Fri 11/19/21

43 PER* 90 days Mon 1/7/19 Fri 5/10/19

44 Final Design* 210 days Mon 5/13/19 Fri 2/28/20

45 Permitting/Funding Approval* 60 days Mon 3/2/20 Fri 5/22/20

46 Construction* 390 days Mon 5/25/20 Fri 11/19/21
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Attachment 2 – Documents Supporting Project 

Analysis 

Feasibility Studies: 

 

• March 25, 2013 (SRF 2013-309) Facilities Plan Approval  
 

• T.E. Maxson Lagoon Improvements and M.C. Stiles Outfall Modifications Facilities Plan 
(SRF 2013-309) August 2012 
 

• May 26, 2016 (SRF 2015-355) Facility Plan Tennessee Department of Environment and 
Conservation (TDEC) Approval Letter 
 

• T.E. Maxson WWTF Improvements Facilities Plan (SRF 2015-355) January 2015 
 

Preliminary Engineering Reports 

 

• Package 1 Final Preliminary Engineering Report, February 2017  
(Disinfection Improvements) – Approved by TDEC 

 

• Package 2 Final Preliminary Engineering Report, September 2016  
(Headworks Improvements) – Approved by TDEC 

 

• Package 2A Final Preliminary Engineering Report, July 2017  
(Two New Secondary Clarifiers, Odor Control Improvements and Fine-Bubble 

Conversion) – Submitted to TDEC in July 2017 

 

• Package 2B Final Preliminary Engineering Report, January 2018 
(RAS Re-aeration Basin) – Submitted to TDEC in July 2017 
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1.1 – STATEMENT OF THE PROBLEM 

 

Project No. 1:  T.E. Maxson Lagoon Improvements 

The T.E. Maxson WWTF located at 2685 Steam Plant Road was constructed in the early 

1970’s.  In 2000, the City retained a professional engineering consultant to review the lagoon 

conditions at the plant and the consultant has recommended the modification of the existing 

Lagoon 5.  The purpose of this project is to allow the Maxson WWTF to continue to meet the 

requirements of 40 CFR 503 (Sludge Regulations) and to facilitate sludge handling for the 

treatment facility.  The project consists of the removal of sludge from the confines of existing 

Lagoon 5; earthwork to modify the existing Lagoon 5 into three lagoon cells; installing HDPE 

liners in each of the three cells; installing floating covers in each of the three cells; biogas 

collection modifications; piping and pump additions and modifications at the existing Primary 

Sludge Pump Station; Lagoon 5 outfall modification; and miscellaneous piping, valves, and 

concrete work.     

In 2001, TDEC WPC approved various portions of the Maxson improvements.  The 

improvements were never constructed and approval has since expired.  This project is located 

inside the existing Maxson WWTP site and will not require any additional easements or land 

acquisition.  

 

Project No. 2:  M.C. Stiles Outfall Modification 

The M.C. Stiles WWTF located at 2303 North Second Street was constructed in the early 

1970’s.  Periodically, foam is observed in the Mississippi River at Outfall 001 from the WWTF.  

The purpose of this project is to design and construct a modification to the existing outfall 

structure that will eliminate foam.  The design options being considered will require an effluent 

discharge through a portal in the river bank with a non-vertical drop structure or a non-vertical 
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drop structure with mechanical diffuser or a mechanical energy dissipater with pumps and 

gates.   

This project is located inside the existing Stiles WWTP site and will not require any additional 

easements or land acquisition.  

 

Project No. 3:  Mary’s Creek Gravity Interceptor Sewer Phase 2 

 

Due to growth and development that the Memphis area has experienced, there now exists a 

demand for new housing and commercial space in the area known as the Mary’s Creek 

Drainage Basin.  The expansion of residential and commercial development into areas 

previously considered to be “rural” has created a unique problem: growth is now inhibited by the 

lack of public utility services (in particular, sewer services) in these previously “rural” areas.   

The traditional method for handling sewage created by new residences/businesses in rural 

areas is to install septic tanks and drain fields - rural areas have enough “space” to create a 

buffer between drain fields and wells used for water supplies, and rural residences/businesses 

are not in close enough proximity to create high amounts of sewage per land area.  Because 

some of the undeveloped land, which is now on the edge of developed areas, lies near or within 

floodplains, septic tanks/drain field systems are not a proper method for handling sewage 

created by new developments.  Therefore, another method of handling sewage is needed in 

these areas in order to “open up” new land for highly-demanded residential and commercial 

development. 

One area in particular that is experiencing the problems described herein is a Memphis 

annexation area north of Collierville (north of the Wolf River and east of Gray’s Creek, excluding 

the Collierville annexation area) in the vicinity of Mary’s Creek.   
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Project No. 4:  Sewer Assessment and Rehabilitation 

 

This project is comprised of a city wide sewer assessment and rehabilitation of the entire sewer 

system.  The City will complete approximately 240 miles of assessment per year.  The 

rehabilitation areas will be dependent on the assessment data.  We anticipate the original 

funding to carry the City approximately 4 years.  This could include gravity lines, force mains, 

and pumping stations.  Rehabilitation will include all forms of repair dependent on the condition 

(i.e., CIPP, pipe burst, open cut, etc.).   
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1.2 – SUMMARY OF THE ALTERNATIVE SOLUTIONS CONSIDERED 

Project No. 1:  T.E. Maxson Lagoon Improvements 

 

Two alternatives were considered during the preliminary design of this project, as follows: 

 Alternative No. 1 – “No Action” – Do nothing to make corrections to the lagoon 

 Alternative No.  2 – Install the recommended modifications to the existing lagoon 5. 

 

 

Project No. 2:  M.C. Stiles Outfall Modification 

Two alternatives were considered during the preliminary design of this project, as follows: 

 Alternative No. 1 – “No Action” – Do nothing to eliminate the foaming problems at the 

discharge structure 

 Alternative No. 2 – Install the recommended effluent discharge structure to ensure 

foaming problems in the Mississippi River are eliminated.   

 

 

Project No. 3:  Mary’s Creek Gravity Interceptor Sewer Phase 2 

 

Four alternatives were considered during the preliminary design of this project, as follows: 

 Alternative No. 1 – “No Action” – Do nothing to help facilitate further development and 

growth in project areas.   

 

 Alternative No. 2 – Build a large-lot septic tank to handle the sewage from new 

residential and commercial development.   
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 Alternative No. 3 – Require on-site treatment of sewage at each new residential and 

commercial development.   

 

 Alternative No. 4 – Install additional sewer lines (gravity lines and force mains, as 

required by topography) to collect and transport sewage from new residential and 

commercial developments to existing treatment facilities.   

 

Project No. 4:  Sewer Assessment and Rehabilitation 

 

Two alternatives were considered during the preliminary design of this project, as follows: 

 Alternative No. 1 – “No Action” – Do nothing to correct the inflow and infiltration 

problems with the sewer collection system 

 Alternative No.  2 – Install the recommended repairs and replacement of the various 

sewer infrastructure items as recommended in the City-wide Sewer System Assessment 

and Evaluation Study. 

 

1.3 – RECOMMENDED SOLUTION 

Project No. 1:  T.E. Maxson Lagoon Improvements 

 

The recommended alternative will require the City to have the plans originally prepared for this 

project revised to meet current standards as well as review existing conditions that might have 

changed since when the plans were prepared. As previously stated, the purpose of this project 

is to allow the Maxson WWTF to continue to meet the requirements of 40 CFR 503 (Sludge 
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Regulations) and to facilitate sludge handling for the treatment facility.  The project consists of 

the removal of sludge from the confines of existing Lagoon 5; earthwork to modify the existing 

Lagoon 5 into three lagoon cells; installing HDPE liners in each of the three cells; installing 

floating covers in each of the three cells; biogas collection modifications; piping and pump 

additions and modifications at the existing Primary Sludge Pump Station; Lagoon 5 outfall 

modification; and miscellaneous piping, valves, and concrete work. This project has previously 

received TDEC approval, but because that approval has expired and to receive approval for 

SRF funding the construction documents will be resubmitted for TDEC for review and approval.    

 

Project No. 2:  M.C. Stiles Outfall Modification 

The recommended alternative is to eliminate periodic foaming, which is observed in the 

Mississippi River at Outfall 001 from the WWTF.  The intent is to have this project proceed as a 

design/build project. The selected effluent discharge structure will be designed to accommodate 

the large variance in the water surface elevation of the Mississippi River. The elevation 

difference between high water elevation at flood stage and low water elevation can be as much 

as fifty (50) feet. The intent of the final design will be to construct a modification to the existing 

outfall structure that will eliminate foam.  The design options being considered will require an 

effluent discharge through a portal in the river bank with a non-vertical drop structure or a non-

vertical drop structure with mechanical diffuser or a mechanical energy dissipater with pumps 

and gates.   
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Project No. 3:  Mary’s Creek Gravity Interceptor Sewer Phase 2 

 

Of the four alternatives considered during the preliminary design of this project, the 

recommended solution is Alternative No. 4 - install additional sewer lines (gravity lines and force 

mains, as required by topography) to collect and transport sewage from new residential and 

commercial developments to existing treatment facilities.  This alternative is the most efficient 

solution, has the least impact on development costs, has the least environmental impact of the 

four, and was, therefore, selected as the best solution to help facilitate further development in 

the project areas.  Alternative No. 4 directly addresses the problem of inhibited growth due to 

lack of sewer service in undeveloped Memphis annexation areas.  The addition of sewer lines 

will “open up” new land to meet the high demand for new housing in the Memphis area. 

 

Project No. 4:  Sewer Assessment and Rehabilitation 

 

The recommended alternative was developed in a consent decree agreed to by the City of 

Memphis, and is comprised of a city wide sewer assessment and rehabilitation of the entire 

sewer system.  The City will complete approximately 240 miles of assessment per year.  The 

rehabilitation areas will be dependent on the assessment data.  We anticipate the original 

funding to carry the City approximately 4 years.  This could include gravity lines, force mains, 

and pumping stations.  Rehabilitation will include all forms of repair dependent on the condition 

(i.e., CIPP, pipe burst, open cut, etc.).   
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2.1 – STUDY PURPOSE 

 

Project No. 1:  T.E. Maxson Lagoon Improvements 

The T.E. Maxson WWTF located at 2685 Steam Plant Road was constructed in the early 

1970’s.  In 2000, the City retained a professional engineering consultant to review the lagoon 

conditions at the plant and the consultant has recommended the modification of the existing 

Lagoon 5.  The purpose of this study is to identify the issues associated with lagoon 5, and 

recommend funding necessary to make corrections to allow the Maxson WWTF to continue to 

meet the requirements of 40 CFR 503 (Sludge Regulations) and to facilitate sludge handling for 

the treatment facility.  The project will consist of the removal of sludge from the confines of 

existing Lagoon 5; earthwork to modify the existing Lagoon 5 into three lagoon cells; installing 

HDPE liners in each of the three cells; installing floating covers in each of the three cells; biogas 

collection modifications; piping and pump additions and modifications at the existing Primary 

Sludge Pump Station; Lagoon 5 outfall modification; and miscellaneous piping, valves, and 

concrete work.     

 

Project No. 2:  M.C. Stiles Outfall Modification 

The M.C. Stiles WWTF located at 2303 North Second Street was constructed in the early 

1970’s.  Periodically, foam is observed in the Mississippi River at Outfall 001 from the WWTF.  

The purpose of this study is to recommend funding necessary to design and construct a 

modification to the existing outfall structure that will eliminate foam.  The design options being 

considered will require an effluent discharge through a portal in the river bank with a non-vertical 

drop structure or a non-vertical drop structure with mechanical diffuser or a mechanical energy 

dissipater with pumps and gates.   
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Project No. 3:  Mary’s Creek Gravity Interceptor Sewer Phase 2 

Due to growth and development that the Memphis area has experienced, there now exists a 

demand for sewer service in the area known as the Mary’s Creek Drainage Basin.  The 

expansion of residential and commercial development into areas previously considered to be 

“rural” has created a problem: growth is now inhibited by the lack of public utility services (in 

particular, sewer services) in these previously “rural” areas.  The traditional method for handling 

sewage created by new residences/businesses in rural areas is to install septic tanks and drain 

fields. The purpose of this study is to identify the issues and recommend funding necessary to 

have an adequate gravity sewer collection system installed in the Mary’s Creek sewer basin 

 

Project No. 4:  Sewer Assessment and Rehabilitation 

The purpose is to develop a city wide sewer assessment program, and implement the 

rehabilitation of the entire sewer system.  A Consent Decree agreed to by the City of Memphis 

requires the City to assess approximately 10% of the sewer system per year.  The rehabilitation 

areas will be dependent on the assessment data.  The rehabilitation could include repairs to 

gravity lines, force mains, and pumping stations.  Rehabilitation will include all forms of repair 

dependent on the condition (i.e., CIPP, pipe burst, open cut, etc.).   
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2.2 – NEED FOR THE PROJECT 

Project No. 1:  T.E. Maxson Lagoon Improvements 

The need for this project is to allow the Maxson WWTF to continue to meet the requirements of 

40 CFR 503 (Sludge Regulations) and to facilitate sludge handling for the treatment facility.   

 

Project No. 2:  M.C. Stiles Outfall Modification 

Periodically, foam is observed in the Mississippi River at Outfall 001 from the WWTF.  The need 

for this project is to design and construct a modification to the existing outfall structure that will 

eliminate foam.   

 

Project No. 3:  Mary’s Creek Gravity Interceptor Sewer Phase 2 

The proposed project is needed in order to avoid potential health hazards and to avoid stifling 

growth in the project areas.  There exists in the Memphis area a great demand for new housing 

and commercial space due to the rapid growth experienced in recent years.  The proposed 

project will “open up” previously undeveloped land for continued growth and development of the 

City of Memphis. 

 

Project No. 4:  Sewer Assessment and Rehabilitation 

The need for the sewer assessment and rehabilitation of the sewer system is to identify areas of 

the collection system that are in need of repair which can cause sewer overflows. These 

overflows when they occur are  violations of the City’s NPDES permits. It is imperative that 

these areas are identified and a plan of corrective measures are undertaken to eliminate these 

overflows. 
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3.1 – EXISTING FACILITIES AND AREAS SERVED 

 

The Memphis Sanitary Sewer System serves approximately 265,000 households.  The sewer 

lines extend throughout the entire city and throughout many populated areas of Shelby County, 

transporting the City’s sewage to each of the City’s three existing waste water treatment plants - 

the T.E. Maxson WWTP in southwest Memphis, the M.C. Stiles WWTP in northwest Memphis, 

and the Chapel Hill WWTP in northeast Shelby County.   These three plants treat an estimated 

sixty billion gallons of wastewater each year.  The Maxson and Stiles WWTPs each have 

several sludge lagoons that handle an estimated 215 million pounds of bio-sludge each year.  

Treated effluent from both the Maxson and Stiles plants is released into the Mississippi River, 

and treated effluent from the Chapel Hill plant is released into an unnamed tributary of Crooked 

Creek.   

 

Project No. 3:  Mary’s Creek Gravity Interceptor Sewer Phase 2 

The proposed sewer lines for this project area will transport sewage for treatment to the M.C. 

Stiles WWTP in northwest Memphis. 
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3.2 – OPTIMUM PERFORMANCE AVAILABLE WITH THE EXISTING 

FACILITIES/OPERATIONAL PROBLEMS 

 

The Memphis Sanitary Sewer System is capable of treating over 225 million gallons per day, 

with capacities of each plant as follows: 

 

 Maxson plant capacity = 90 MGD (90 million gallons per day), 

 Stiles plant capacity = 135 MGD (135 million gallons per day), 

 Chapel Hill plant capacity = 0.045 MGD (45,000 gallons per day). 

 

The normal (dry weather) demand on the Memphis Sanitary Sewer System is over 145 million 

gallons per day, with normal (dry weather) demand at each plant as follows:  

 

 Maxson plant demand = 70 MGD (70 million gallons per day), 

 Stiles plant demand = 75 MGD (75 million gallons per day), 

 Chapel Hill plant demand = 0.020 MGD (20,000 gallons per day). 

 

These normal (dry weather) demands are well below the capacities of each plant.   

 

As noted above, the Stiles WWTP, which will treat sewage from the proposed sewer lines from 

Mary’s Creek Interceptor Gravity Sewer Phases 1A and 1B project, has a normal demand that is 

well below the plant’s capacity and will easily handle the additional sewage from the Mary’s 

Creek Gravity Interceptor Sewer Phase 2 project area, even when it is fully developed. 
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Project No. 1:  T.E. Maxson Lagoon Operational Problem 

The operational issues associated with the Maxson WWTP are with lagoon 5, and the 

corrections necessary to allow the Maxson WWTF to continue to meet the requirements of 40 

CFR 503 (Sludge Regulations) and to facilitate sludge handling for the treatment facility.  The 

project will consist of the removal of sludge from the confines of existing Lagoon 5; earthwork to 

modify the existing Lagoon 5 into three lagoon cells; installing HDPE liners in each of the three 

cells; installing floating covers in each of the three cells; biogas collection modifications; piping 

and pump additions and modifications at the existing Primary Sludge Pump Station; Lagoon 5 

outfall modification; and miscellaneous piping, valves, and concrete work.   Specific details 

regarding effluent limitations and monitoring requirements are available in the NPDES permit 

included in APPENDIX A at the end of this document. 

 

Project No. 2:  M.C. Stiles Operational Problem 

The operational issues concern the periodic foaming observed in the Mississippi River at Outfall 

001 from the Stiles WWTF.  The corrections will require the design and construction of a 

modification to the existing outfall structure that will eliminate foam.  The design options being 

considered will require an effluent discharge through a portal in the river bank with a non-vertical 

drop structure or a non-vertical drop structure with mechanical diffuser or a mechanical energy 

dissipater with pumps and gates.  Specific details regarding effluent limitations and monitoring 

requirements are available in the NPDES permit included in APPENDIX A at the end of this 

document. 

 

 

 

 

EPA-HQ-2019-004783   001110



SECTION 3 – GENERAL INFORMATION 

   
Askew Hargraves Harcourt and Associates, Inc.  Clean Water State Revolving Fund Loan Application 
A2H # 12174  Facilities Plan 
  August 2012 

4 

 

Project No. 4:  Sewer Assessment and Rehabilitation 

The operational issues associated with the collection system are primarily caused by sewer 

system overflows in various locations throughout the system. A key map included at the end of 

this section locates the general areas of sewer overflows that occurred in 2011 and 2012. More 

detailed maps of sewer overflows are included in Appendix D of this report.  

The solution is to develop a city wide sewer assessment program, and implement the 

rehabilitations recommended in the areas identified in the assessment.  A Consent Decree 

agreed to by the City of Memphis requires the City to assess approximately 10% of the sewer 

system per year.  The rehabilitation areas will be dependent on the assessment data.  The 

rehabilitation could include repairs to gravity lines, force mains, and pumping stations.  

Rehabilitation will include all forms of repair dependent on the condition (i.e., CIPP, pipe burst, 

open cut, etc.).   
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3.3 – EXISTING COLLECTION SYSTEM 

 

The Memphis Sanitary Sewer Collection System is comprised of approximately 2,600 linear 

miles of gravity sewer mains and force mains running throughout the entire city and throughout 

many populated areas of Shelby County.  There are approximately 100 sewer lift stations at 

various locations throughout the city and county, as topography dictates.  The existing sewer 

lines are constructed of various materials, including clay, ductile iron, concrete, and plastic, and 

pipe diameters range from as small as six inches to as large as 120 inches.  The existing 

manholes are constructed with brick and mortar or concrete, or a combination of the two.   

 

The existing interceptor sewer in the Mary’s Creek project area is the Wolf River Interceptor, 

which is currently under construction south of Walnut Grove Road at Grays Creek.  This 

interceptor transports sewage to the Stiles WWTP in northwest Memphis.  Once it is 

constructed, the pipeline proposed in the Mary’s Creek Phase 1A and 1B projects, which are 

funded through a Clean Water State Revolving Fund loan via a previous application, will 

connect to the Wolf River Interceptor just east of Gray’s Creek.  The Mary’s Creek Gravity 

Interceptor Sewer Phase 2 project (described herein) will connect to the Mary’s Creek Phase 1A 

and 1B pipeline at Pisgah Road. 
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3.4 – POTENTIAL FOR SERVING ADDITIONAL AREAS 

 

Because of the continued demand for new housing in Memphis annexation areas and in 

anticipation of the continued development of rural areas of Shelby County to meet this demand, 

the Memphis Sanitary Sewer System has been purposely planned and designed for expansion 

into unsewered areas.  As noted previously, the Stiles WWTP, which will treat sewage from the 

Mary’s Creek Gravity Interceptor Sewer, has a normal demand that is well below the plant’s 

capacity and can easily handle the additional sewage from the Mary’s Creek Phase 2 project 

area, even when it is fully developed.  The existing treatment facilities and sewer interceptors, 

including those interceptors being “connected to” via the project proposed herein, have been 

designed for a “fully developed” condition of land areas that are currently considered to be rural.  

Therefore, additional sewer collection lines can be added to the existing system without the 

need for upgrade to existing equipment or treatment processes or increases in existing sewer 

interceptor lines.  

 

As mandated in the Consent Decree recently entered into by the City of Memphis, a sewer 

assessment will be under way in the near future that will identify areas of sewer overflows or 

bypasses. Once the areas are identified, a sewer rehabilitation program will commence to tale 

whatever corrective measures are necessary to ensure that the Memphis sewer collection 

system is fully functional and all sewer overflows have been eliminated.  
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4.1 – ANALYSIS OF INFILTRATION AND INFLOW 

 

The purpose is to develop a city wide sewer assessment program, and implement the 

rehabilitation of the entire sewer system.  A Consent Decree agreed to by the City of Memphis 

requires the City to assess approximately 10% of the sewer system per year.  The rehabilitation 

areas will be dependent on the assessment data.  The rehabilitation could include repairs to 

gravity lines, force mains, and pumping stations.  Rehabilitation will include all forms of repair 

dependent on the condition (i.e., CIPP, pipe burst, open cut, etc.).   

 

The analysis of the inflow and infiltration of the Stiles WWTP and the Maxson WWTP are as 

follows: 

 % Rain Induced %RiverStage Induced % Total 

Maxson WWTP 5.6% 6.4% 12% 

Stiles WWTP 3.7% 22.3% 26% 

 

 

4.2 – STEPS BEING TAKEN TO REDUCE EXCESSIVE INFILTRATION AND INFLOW 

In the effort to eliminate sewer system overflows and as specified in the consent decree, the 

City will implement or update the following programs: 

1) Management, Operations and Maintenance Program, which will require the development 

of the following: 

a)  Sewer Overflow Response Plan which will require timely and effective methods of 

responding to, cleaning up, and/or minimizing the impact of Sewer system overflows; 

b) Fats, Oil, and Grease Management Program which will require a re-evaluation to 

expand or modify the existing program; 

c) Lift Station and Force Main Operations and Maintenance Program which will require 

periodic service and calibration of instrumentation, inspection and service of air 

release valves, predictive and physical inspection and service of lift stations, 

assessment of force mains such as potential sulfide and corrosion control options, 

inspection of force mains such as at creek crossings; 

d) Gravity Sewer System Operations and Maintenance Program to prevent sewer 

system overflows particularly caused by fats, oils and grease, and roots and/or 

debris obstructions;  
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e) Inter-Jurisdictional Agreement Program will be implemented to renew existing 

agreements or enter into new agreements that covers the collection, conveyance, 

and treatment of sewage by Memphis from municipal satellite sewer systems, with 

the exclusion of Collierville due to the minimal collection of sewage by Memphis from 

Collierville. 

f) Continuing Sewer Assessment Program to set priorities and schedules for 

undertaking sewer assessment which may include dyed water, water flooding, 

corrosion defect identification, manhole assessment, flow monitoring, closed circuit 

television inspection, defect analysis, smoke testing, and lift station performance 

assessment; 

g) Infrastructure Rehabilitation Program which will include gravity line rehabilitation, 

manhole rehabilitation, lift station rehabilitation, and force main rehabilitation. 

2) Priority Assessment Areas will be completed as stipulated by the Consent Decree 

3) Critical Infrastructure Areas Projects will receive priority rehabilitation due to the nature 

of the infrastructure and the potential consequences  of large volumes of sewer 

overflows in the event of infrastructure failure. 

Tentative schedule of compliance with the Consent Decree is include at the end of this section 
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TASKS Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year 9

Consent Decree E�ective Date

Paragrah 10 - MOM Programs

   10.c  Lift Sta/FM O&M Program

   10.d  Gravity Sewer System O&M Program

   10.e Inter-Jurisdictional Program

   10.f  CSAP Program Development
             EPA Review/Approval
            1st Year Assessment (Appendix E)
            2nd Year Assessment (Lick Creek Appendix F)

   10.g  IRP Development
            EPA Review/Approval

11.a  Priority Area Rehab complete (Appendix G)
     Interim Priority Area Progress Report To EPA

11.b  Critical Infrastructure Areas (Appendix H)

11.c  Prior Assessment Area Projects

12.  Stiles Outfall Improvements (Appendix I)

23.  State Project - Color Study
    Develop Color Study Scope of Work
    TDEC Review and Approval
    Procurement
    Conduct Color Study
    Present Result to TDEC
    TDEC Review and Approval
    Finalize Study

23.  State Project  - GIS
    Engage GIS Contractor to Begin Work
    Complete GIS Work
    State Project Completion Report

24.  Quarterly Reports (SSO Report)

25.  Semi Annual Reports

26.  Annual Reports

EPA/TDEC Action
City Program/Document Development
Field Work
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5.1 – PLANNING PERIOD (20 YEARS) 

 

In anticipation of the growth that the Memphis area has experienced throughout the past several 

decades, City leaders have been diligent throughout that time in planning for the future 

regarding the Memphis Sanitary Sewer System.  Rather than plan for a specified number of 

future years (i.e. a planning period of 20 years), the treatment facilities and collection system 

have been designed and upgraded throughout the past several decades based on “full 

development” in areas where development was expected to occur.  The proposed projects are 

“next steps” in a series of upgrades and expansions that are part of a long-range plan to handle 

increased sanitary sewer system demands.  The “planning period” for the Memphis Sanitary 

Sewer System extends far beyond just twenty years.  

Project No. 1:  T.E. Maxson Lagoon Improvements 

The T.E. Maxson WWTP has sufficient excess capacity to handle the anticipated population 

growth during the twenty year planning period. As previously discussed in chapter 3 of this 

report the Maxson WWTP is currently operating at approximately 78% of capacity. 

Implementation of the Consent Decree mandated sewer assessment and rehabilitation and the 

modifications to the sludge lagoon should result in a significant reduction of inflow and 

infiltration, and will increase the reserve capacity of the plant.  

Project No. 2:  M.C. Stiles Outfall Modification 

The M.C. Stiles WWTP has sufficient excess capacity to handle the anticipated population 

growth during the twenty year planning period. As previously discussed in chapter 3 of this 

report the Stiles WWTP is currently operating at approximately 56% of capacity. Implementation 

of the Consent Decree mandated sewer assessment and rehabilitation should result in a 

significant reduction of inflow and infiltration, and will increase the reserve capacity of the plant. 
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The modifications to the effluent outfall structure will eliminate the foaming problem at the 

effluent discharge at the Mississippi River. 

 

Project No. 3:  Mary’s Creek Gravity Interceptor Sewer Phase 2 

During a twenty-year planning period for the Mary’s Creek project (including Phases 1 and 2), 

the City anticipates that the areas served will become fully developed due to the increasing 

demand for new housing in Memphis.  Again, the existing treatment facilities and sewer 

interceptors have adequate capacity to handle the additional sewage associated with the 

proposed project.   

Phase 1 of the Mary’s Creek project will be constructed first, as development in this area is 

imminent because it is adjacent to already-developed areas, and further development has been 

hindered by the lack of sewer service.  Phase 2 of the Mary’s Creek project, for which funding is 

being requested via the CWSRF loan application accompanying this Facilities Plan, will be 

constructed as development progresses in the Phase 1 area and leads to the need for 

additional development in the Phase 2 area.   
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5.2 – LAND USE PROJECTIONS 

 

Based on growth patterns in areas adjacent to the proposed project areas, the City anticipates 

that land uses in the Mary’s Creek project area will change from sparsely-populated single-

family dwellings to moderately/densely-populated single-family dwellings.  The City also 

anticipates some minor commercial development in these areas typical of that associated with a 

“suburb” area. There are no anticipated changes to the land use in the project areas of the 

Stiles and Maxson WWTP. 
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5.3 – POPULATION FORECAST 

The population forecasts for the city of Memphis during the planning period is modest increasing 

from approximately 657,000 to 667,000, or approximately 1.5% over the planning period. 

Population forecasts for the Mary’s Creek project area (both Phase 1 and Phase 2) are based 

on a fully-developed condition.  Based on the expected lot sizes of ½-acre lots north of Mary’s 

Creek (which includes approximately 5,184 acres of suitable land) and 2-acre lots south of 

Mary’s Creek (which includes approximately 2,185 acres of suitable land), the City anticipates 

approximately 11,460 total lots.  Based on 3.5 people per household (or lot), the population 

forecast for a fully-developed condition of the 7,369 acres of suitable land is over 40,100 

persons.  Based on an average flow per capita of 100 gallons per day*, this population forecast 

represents an increase in average total flow of 4.0 MGD and an increase in peak flow (2.5 X 

average*) of 10.0 MGD. 

 

 

* Note: The average flow of 100 gallons per capita per day and a 2.5 peak-to-average ratio are 

City of Memphis standard design criteria. 
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6.1 – “NO ACTION” ALTERNATIVE 

Project No. 1:  T.E. Maxson Lagoon Improvements 

Alternative No. 1 – “No Action” – This is not a viable alternative because of the large volume of 

sludge produced each day at the Maxson WWTP. In order to maintain operation and to continue 

to meet the sludge permit requirements, the project must be completed. 

 

Project No. 2:  M.C. Stiles Outfall Modification 

Alternative No. 1 – “No Action” – This is not a viable alternative because the City has entered 

into a consent decree that mandates that the foam discharge in the Mississippi must be 

eliminated. 

 

Project No. 3:  Mary’s Creek Gravity Interceptor Sewer Phase 2 

Alternative No. 1 – “No Action” – Do nothing to help facilitate further development and growth in 

project area.  This is not a viable alternative because of the high demand for housing and 

commercial space in this Memphis annexation area of Shelby County.  The land in this project 

area is greatly needed for new housing and commercial development, and growth here has 

been significantly impeded because of the lack of sewer service. 

 

Project No. 4:  Sewer Assessment and Rehabilitation 

Alternative No. 1 – “No Action” – This is not a viable alternative because the City has entered 

into a consent decree that mandates that an assessment program followed by a rehabilitation 

program must be implemented. 
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6.2  ALTERNATIVES (OTHER THAN THE “NO ACTION” ALTERNATIVE)  

[COMPARED FOR COST-EFFECTIVENESS, ENVIRONMENTAL IMPACTS, AND 

FEASIBILITY] 

Project No. 1:  T.E. Maxson Lagoon Improvements 

The T.E. Maxson WWTF located at 2685 Steam Plant Road was constructed in the early 

1970’s.  In 2000, the City retained a professional engineering consultant to review the lagoon 

conditions at the plant and the consultant has recommended the modification of the existing 

Lagoon 5.  The purpose of this project is to allow the Maxson WWTF to continue to meet the 

requirements of 40 CFR 503 (Sludge Regulations) and to facilitate sludge handling for the 

treatment facility.  The project consists of the removal of sludge from the confines of existing 

Lagoon 5; earthwork to modify the existing Lagoon 5 into three lagoon cells; installing HDPE 

liners in each of the three cells; installing floating covers in each of the three cells; biogas 

collection modifications; piping and pump additions and modifications at the existing Primary 

Sludge Pump Station; Lagoon 5 outfall modification; and miscellaneous piping, valves, and 

concrete work.     

This project is located inside the existing Maxson WWTP site and will not require any additional 

easements or land acquisition. The estimated cost for lagoon 5 improvements is 

$19,000,000.00. 

 

Project No. 2:  M.C. Stiles Outfall Modification 

The M.C. Stiles WWTF located at 2303 North Second Street was constructed in the early 

1970’s.  Periodically, foam is observed in the Mississippi River at Outfall 001 from the WWTF.  

The purpose of this project is to design and construct a modification to the existing outfall 
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structure that will eliminate foam.  The design options being considered will require an effluent 

discharge through a portal in the river bank with a non-vertical drop structure or a non-vertical 

drop structure with mechanical diffuser or a mechanical energy dissipater with pumps and 

gates.   

This project is located inside the existing Stiles WWTP site and will not require any additional 

easements or land acquisition. The estimated cost for the outfall modifications is $3,000,000.00. 

 

Project No. 3:  Mary’s Creek Gravity Interceptor Sewer Phase 2 

Due to growth and development that the Memphis area has experienced, there now exists a 

demand for new housing and commercial space in the area known as the Mary’s Creek 

Drainage Basin.  The expansion of residential and commercial development into areas 

previously considered to be “rural” has created a unique problem: growth is now inhibited by the 

lack of public utility services (in particular, sewer services) in these previously “rural” areas.   

The traditional method for handling sewage created by new residences/businesses in rural 

areas is to install septic tanks and drain fields - rural areas have enough “space” to create a 

buffer between drain fields and wells used for water supplies, and rural residences/businesses 

are not in close enough proximity to create high amounts of sewage per land area.  Because 

some of the undeveloped land, which is now on the edge of developed areas, lies near or within 

floodplains, septic tanks/drain field systems are not a proper method for handling sewage 

created by new developments.  Therefore, another method of handling sewage is needed in 

these areas in order to “open up” new land for highly-demanded residential and commercial 

development. 

One area in particular that is experiencing the problems described herein is a Memphis 

annexation area north of Collierville (north of the Wolf River and east of Gray’s Creek, excluding 

the Collierville annexation area) in the vicinity of Mary’s Creek.   
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Assumptions Based on Current Zoning Maps: 

Mary’s Creek Interceptor Phase 2 will serve residential only based on the formula of 2 lots/acre 

north of Mary’s Creek and 2 acres/lot south of Mary’s Creek. 

 

The above assumptions yield the following: 

 Mary’s Creek Phase 2:    Industrial 0 Industries 

        Residential 8720 Lots 

 Totals:       Industrial 0 Industries 

        Residential 8720 Lots 

 

Alternative No. 1 – “No Action” – See Section 6.1 for discussion. 

  

Alternative No. 2 – Build a large-lot septic tank to handle the sewage from new residential and 

commercial development.  This is not a viable alternative due to lack of adequate buffer space 

between potential drainfields and existing water wells at some residences.  Also, as is the case 

in many other parts of the Memphis area, the soils may not be conducive to septic drainfields, 

and the area is too close to the Mary’s Creek floodplain.  Finally, the City of Memphis believes 

this alternative would increase development costs, limiting commercial development in the area. 
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Cost Estimate: 

1)  Large Lot Septic Tanks – Residential 

 175 ea @ $75,000/ea $13,125,000 

2)  8” Collection Lines to Community Septic Tanks 

 545,000 LF @ $20/LF $10,900,000 

3)  4’ Diameter Sanitary Manholes 

 1360 SMH @ $4,500/ea    $6,120,000 

   $30,145,000 

Present Worth Assumptions: 

 Term: 20 years 

 Interest Rate: 7% 

 O&M: $150/septic tank/year = 175 septic tanks @ $150/ea $26,250 

  $1,000/10,000 LF of sewer = 545,000 @ $1,000/10,000 LF $54,500 

   $80,750 

 Present Worth = $2,926,224 

Refer to Section 8.1 for itemized cost estimate. 

 

Alternative No. 3 – Require on-site treatment of sewage at each new residential and commercial 

development.  This is not a viable alternative because this alternative would significantly 

increase development costs and, thus, would limit both residential and commercial development 

in the area.  This alternative is also not an efficient solution since there are already sewer 

interceptors near the project area to which the proposed sewer collection lines can be 

connected in order to transport sewage to existing treatment facilities. 
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Cost Estimate: 

1)  Residential Lot Septic Tanks 

 8720 lots @ $8,000/lot $69,760,000 

   $69,760,000 

 

Present Worth Assumptions: 

 Term: 20 years 

 Interest Rate: 7% 

 O&M: $150/septic tank/year = 8720 septic tanks @ $150/ea = $1,308,000 

 Present Worth = $7,892,850 

 

Alternative No. 4 – Install a low pressure sewer collection system with grinder pumps at each 

individual house or commercial development.  While this type of system is viable in certain 

instances, such as hilly terrain or small developments, it is not viewed as desirable or feasible 

for the City of Memphis.  The City has always tried to maintain a system of gravity sewers for its 

customers.  The City has not encouraged this type of system. It is opposed to this option for a 

variety of reasons, but primarily from maintenance and legal concerns because of the need for 

sewer easements on every lot within the development. Memphis has historically provided sewer 

service to the property line, requiring the property owner to maintain his own sewer service line.  

The additional obligation to maintain hundreds, if not thousands, of small grinder pump stations 

is not within the City’s resources to adequately maintain. 
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Cost Estimate: 

1)  Residential Grinder Pumps 

 8720 lots @ $5,000/lot $43,600,000 

2)  Mary’s Creek Phase 2 Interceptor $3,000,000 * 

3)  Low Pressure Collection Lines 

 545,000 LF @ $8.00/LF    $4,360,000 

   $50,960,000 

 

Present Worth Assumptions: 

 Term: 20 years 

 Interest Rate: 7% 

 O&M: $150/grinder pump/year = 8720 grinder pumps @ $150/ea $1,308,000 

  $1,000/10,000 LF of sewer = 545,000 @ $1,000/10,000 LF    $54,500 

   $1,362,500 

 Present Worth = $6,130,286 

* Refer to Section 8.1 for detailed estimate. 

 

Alternative No. 5 – Install additional sewer lines (gravity lines and force mains, as required by 

topography) to collect and transport sewage from new residential and commercial developments 

to existing treatment facilities.  This alternative is the most efficient solution, has the least impact 

on development costs, and has the least environmental impact of the four “action” alternatives 

and was, therefore, selected as the best solution to help facilitate further development in the 

project areas.  See Section 6.3 for further discussion. 
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Cost Estimate: 

1)  8” Collection Lines to Interceptor Sewer 

 545,000LF @ $20/LF $10,900,000 

2)  4’ Diameter Sanitary Manholes 

 1360 SMH @ $4,500/ea $6,120,000 

3)  Mary’s Creek Phase 2 Interceptor    $3,000,000 * 

   $20,020,000 

 

Present Worth Assumptions: 

 Term: 20 years 

 Interest Rate: 7% 

 O&M: $1,000/10,000 LF of sewer = 545,000 @ $1,000/10,000 LF = $54,500 

 Present Worth = $1,901,769 

* Refer to Section 8.1 for detailed estimate. 

 

Project No. 4:  Sewer Assessment and Rehabilitation 

This project is comprised of a city wide sewer assessment and rehabilitation of the entire sewer 

system.  The City will complete approximately 240 miles of assessment per year.  The 

rehabilitation areas will be dependent on the assessment data.  We anticipate the original 

funding to carry the City approximately 4 years.  This could include gravity lines, force mains, 

and pumping stations.  Rehabilitation will include all forms of repair dependent on the condition 

(i.e., CIPP, pipe burst, open cut, etc.).  The estimated cost for sewer assessment and 

rehabilitation is $100,000,000.00 
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6.3 – CHOSEN ALTERNATIVE 

Project No. 1:  T.E. Maxson Lagoon Improvements 

The purpose of this project is to allow the Maxson WWTF to continue to meet the requirements 

of 40 CFR 503 (Sludge Regulations) and to facilitate sludge handling for the treatment facility.  

The project consists of the removal of sludge from the confines of existing Lagoon 5; earthwork 

to modify the existing Lagoon 5 into three lagoon cells; installing HDPE liners in each of the 

three cells; installing floating covers in each of the three cells; biogas collection modifications; 

piping and pump additions and modifications at the existing Primary Sludge Pump Station; 

Lagoon 5 outfall modification; and miscellaneous piping, valves, and concrete work.     

 

Project No. 2:  M.C. Stiles Outfall Modification 

.  Periodically, foam is observed in the Mississippi River at Outfall 001 from the WWTF.  The 

purpose of this project is to design and construct a modification to the existing outfall structure 

that will eliminate foam.  The design options being considered will require an effluent discharge 

through a portal in the river bank with a non-vertical drop structure or a non-vertical drop 

structure with mechanical diffuser or a mechanical energy dissipater with pumps and gates.   

 

Project No. 3:  Mary’s Creek Gravity Interceptor Sewer Phase 2 

Alternative No. 5 – Install additional sewer lines (gravity lines and force mains, as required by 

topography) to collect and transport sewage from new residential and commercial developments 

to existing treatment facilities.  This alternative is the most efficient solution, has the least impact 

on development costs, has the least environmental impact of the four “action” alternatives, and 

was, therefore, selected as the best solution to help facilitate further development in the project 

areas.  The proposed project is the most efficient solution because there are already sewer 

interceptors near the project area to which the proposed sewer collection lines can be 
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connected in order to transport sewage to existing treatment facilities; this project is a 

continuation of efforts already underway to provide sewer service to undeveloped Memphis 

annexation areas.  The proposed project has the least impact on development costs because it 

saves developers/owners the expense of installing septic tank/drainfield systems or on-site 

treatment systems, neither of which is warranted when sewage can be easily transported and 

treated at existing facilities.  Finally, the proposed project has the least environmental impact on 

the surrounding areas (which are near the Mary’s Creek floodplain) because, rather than install 

septic tank/drainfield systems that may interfere with existing wells or install on-site treatment 

systems that may not be properly maintained by owners, the sewage will be transported to an 

existing treatment facility operated by the City of Memphis. 

 

Project No. 4:  Sewer Assessment and Rehabilitation 

This project is comprised of a city wide sewer assessment and rehabilitation of the entire sewer 

system.  The City will complete approximately 240 miles of assessment per year.  The 

rehabilitation areas will be dependent on the assessment data.  We anticipate the original 

funding to carry the City approximately 4 years.  This could include gravity lines, force mains, 

and pumping stations.  Rehabilitation will include all forms of repair dependent on the condition 

(i.e., CIPP, pipe burst, open cut, etc.).   
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7.1 – DETAILED DESCRIPTION OF CHOSEN ALTERNATIVE 

 

Project No. 1:  T.E. Maxson Lagoon Improvements 

The T.E. Maxson WWTF located at 2685 Steam Plant Road was constructed in the early 

1970’s.  In 2000, the City retained a professional engineering consultant to review the lagoon 

conditions at the plant and the consultant has recommended the modification of the existing 

Lagoon 5.  The purpose of this project is to allow the Maxson WWTF to continue to meet the 

requirements of 40 CFR 503 (Sludge Regulations) and to facilitate sludge handling for the 

treatment facility.  The project consists of the removal of sludge from the confines of existing 

Lagoon 5; earthwork to modify the existing Lagoon 5 into three lagoon cells; installing HDPE 

liners in each of the three cells; installing floating covers in each of the three cells; biogas 

collection modifications; piping and pump additions and modifications at the existing Primary 

Sludge Pump Station; Lagoon 5 outfall modification; and miscellaneous piping, valves, and 

concrete work.     

 

Project No. 2:  M.C. Stiles Outfall Modification 

The M.C. Stiles WWTF located at 2303 North Second Street was constructed in the early 

1970’s.  Periodically, foam is observed in the Mississippi River at Outfall 001 from the WWTF.  

The purpose of this project is to design and construct a modification to the existing outfall 

structure that will eliminate foam.  The design options being considered will require an effluent 

discharge through a portal in the river bank with a non-vertical drop structure or a non-vertical 

drop structure with mechanical diffuser or a mechanical energy dissipater with pumps and 

gates.   
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Project No. 3:  Mary’s Creek Gravity Interceptor Sewer Phase 2 

The chosen alternative consists of construction of new sewer lines via the Mary’s Creek Gravity 

Interceptor Sewer project.  The Mary’s Creek Gravity Interceptor Sewer project is comprised of 

an estimated 20,856 linear feet of gravity sewer with sewer manholes as required.  This project 

is located north of the Collierville area, east of Gray’s Creek and north of the Wolf River in east 

Shelby County. The project begins in a developing area at the Wolf River Interceptor, which is 

currently under construction south of Walnut Grove Road at Grays Creek.  The proposed sewer 

lines will run east to Houston Levee Road and Pisgah Road (Phase 1) and then east to Reed 

Hooker Road (Phase 2). The project will terminate at Reed Hooker Road north of Stable View 

Drive.  These new sewer lines will transport sewage for treatment to the Stiles WWTP in 

northwest Memphis.   
 

The City of Memphis anticipates that this project will be installed in two phases, as follows: 
 

Phase 1 - Wolf River Interceptor to Pisgah Road (10,297 linear feet); and 

Phase 2* - Pisgah Road to Reed Hooker Road (10,559 linear feet). 
 

For a graphical representation of the sewer lines included in both phases of the Mary’s Creek 

project, see the attached Project No. 2 Quadrangle Maps (two pages) located in Section 9 of 

this Facilities Plan. 

 

*Please note that the CWSRF loan application that accompanies this Facilities Plan is for Phase 

2 of the Mary’s Creek project.  The City of Memphis, via a Clean Water Sate Revolving Fund 

Loan Application previously submitted, has already sought funding for the Mary’s Creek Phase 

1 project.   

 

Project No. 4:  Sewer Assessment and Rehabilitation 

This project is comprised of a city wide sewer assessment and rehabilitation of the entire sewer 

system.  The City will complete approximately 240 miles of assessment per year.  The 

rehabilitation areas will be dependent on the assessment data.  We anticipate the original 

funding to carry the City approximately 4 years.  This could include gravity lines, force mains, 

and pumping stations.  Rehabilitation will include all forms of repair dependent on the condition 

(i.e., CIPP, pipe burst, open cut, etc.).   
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7.2 – PUBLIC INVOLVEMENT / PUBLIC MEETING 

 

A public hearing will be held in which the Mary’s Creek Phase 2 project will be identified on a 

display map for public review and comment during the loan application process.  Because of the 

great need for additional housing and the anticipated development in this future Memphis 

annexation area, the City of Memphis anticipates that public comments will be favorable.  Once 

the Clean Water State Revolving Fund loan application has been approved, the City will 

proceed as quickly as possible to have these areas of the City’s sewer system constructed and 

in optimal working condition. 
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8.1 – ESTIMATED CONSTRUCTION COSTS AND OVERALL PROJECT COSTS 

Project No. 1:  T.E. Maxson Lagoon Improvements 

This project is located inside the existing Maxson WWTP site and will not require any additional 

easements or land acquisition. The estimated cost for lagoon 5 improvements is 

$19,000,000.00. 

Project No. 2:  M.C. Stiles Outfall Modification 

This project is located inside the existing Stiles WWTP site and will not require any additional 

easements or land acquisition. The estimated cost for the outfall modifications is $3,000,000.00. 

Project No. 3:  Mary’s Creek Gravity Interceptor Sewer Phase 2 

Item 
No. Description Unit Quantity Unit Price Amount* 
1 EROSION CONTROL LF 20000 $6.50 $130,000.00 
2 STONE RIP-RAP, GRADE C TON 2000 $55.00 $110,000.00 
3 UNDERCUT BACKFILL TON 7500 $28.00 $210,000.00 
4 15” SEWER PIPE LF 16 $50.00 $800.00
5 18” SEWER PIPE LF 8 $60.00 $480.00
6 24" SEWER PIPE LF 5793 $90.00 $521,370.00 
7 27" SEWER PIPE LF 1856 $100.00 $185,600.00 
8 30" SEWER PIPE LF 2850 $120.00 $342,000.00 
9 24" DUCTILE IRON PIPE, CLASS 50 LF 60 $130.00 $7,800.00 
10 24" SEWER IN BORED HOLE WITH LINER PIPE LF 60 $900.00 $54,000.00 

11 
6' DIAMETER STANDARD DEPTH SEWER 
MANHOLE EA 24 $5,000.00 $120,000.00 

12 
6' DIAMETER EXTRA DEPTH CONCRETE 
MANHOLE VF 409 $500.00 $204,500.00 

13 NO. 7 MANHOLE RIM AND COVER EA 11 $500.00 $5,500.00 
14 BOLTED DOWN MANHOLE RIM AND COVER EA 13 $500.00 $6,500.00 
15 VENT STACK EA 13 $400.00 $5,200.00 
16 MOBILIZATION LS 1 $100,000.00 $100,000.00 

17 
TRAFFIC CONTROL DEVICES FOR CONST. 
WORK ZONES LS 1 $2,500.00 $2,500.00 

18 SEEDING (WITH MULCH) UNIT 500 $65.00 $32,500.00 
19 FERNCO COUPLING EA 2 $2,500.00 $5,000.00 

       SUBTOTAL $2,043,750.00 
  Construction Contingency       $956,250.00 
      
 * rounded to the nearest whole dollar   TOTAL $3,000,000.00 

 

 ESTIMATE OF CONSTRUCTION COST   $3,000,000.00
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TOTAL PROJECT COST 

Please note that easements must still be acquired for the Mary’s Creek Phase 2 project.  The 

project costs of Easement Acquisition, Surveying, Engineering Design, Construction Inspection, 

and Construction Administration have been budgeted for and are being or will be paid for with 

funds already allocated in the City of Memphis Public Works Department operating budget.  

Thus, Total Project Costs are not presented herein.  The City of Memphis is applying for a 

Clean Water State Revolving Fund loan only for construction of the proposed projects. 

 

Project No. 4:  Sewer Assessment and Rehabilitation 

This project is comprised of a city wide sewer assessment and rehabilitation of the entire sewer 

system.  The City will complete approximately 240 miles of assessment per year.  The 

rehabilitation areas will be dependent on the assessment data.  We anticipate the original 

funding to carry the City approximately 4 years.  This could include gravity lines, force mains, 

and pumping stations.  Rehabilitation will include all forms of repair dependent on the condition 

(i.e., CIPP, pipe burst, open cut, etc.).  The estimated cost for sewer assessment and 

rehabilitation is $100,000,000.00. 

8.2 – PROPOSED FINANCING 

 

The City of Memphis intends to finance the proposed Mary’s Creek Phase 2 sewer project with 

funding obtained via the Clean Water State Revolving Fund Loan Program (SRFLP), for which 

this Facilities Plan has been written.  Based on anticipated growth in the project areas and the 

resulting additional sewer customers and additional sewer fees, the City of Memphis does not 

see any problems with repayment of the borrowed funds. 
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8.3 – PROJECTED OPERATING COSTS AND USER CHARGE STRUCTURE 

 

The existing normal demand for the Memphis Sanitary Sewer System is 145 MGD.  The 

anticipated increase in average total flow from the Mary’s Creek project area (both phases, fully 

developed) is 4.0 MGD (please refer to Section 5.3).   Thus, the anticipated increase in average 

total flow is less than three percent of the existing demand.  Therefore, the City of Memphis 

anticipates little increase in operating costs associated with the project proposed herein.  The 

City of Memphis believes that any additional operating costs can easily be absorbed into the 

operating budget of the sanitary sewer system since additional sewer customers and the 

establishment of a special sewer service area will result in additional fees being collected.   

These additional fees should easily offset any additional operating costs resulting from the 

increased demand on the system. 

 

The normal user charge structure for new sewer should remain unchanged from present levels.  

Per the City of Memphis Sewer Use Ordinance, which is available for review by the public via 

the City of Memphis website (http://www.cityofmemphis.org/pdf_forms/sewerUse013006.pdf), 

the sewer service volumetric charge is 2.267 cents per one thousand gallons of flow, with a 

residential maximum volume fee of $50.00 per month and a residential minimum volume fee of 

$2.50 per month.  There is also an additional charge to any customer (residential or 

commercial) who discharges wastewater with a strength greater than domestic sewerage levels.  

Historically, the City’s sewer rates have been very stable.  Prior to the sewer rate increase in 

2004 (which resulted in the above-mentioned rates), the previous rate increase was in 1982 – 

the City operated the sanitary sewer system for twenty-two years without its customers 

experiencing a rate increase.  Refer to APPENDIX C  at the end of this document. 

  

However, to offset the cost of designing, constructing, and financing a sewer system for the 

Mary’s Creek drainage basin, a special sewer service area has been created (via city 

ordinance) which establishes sewer infrastructure surcharge fees for any person directly or 

indirectly served by these new sewer systems.  In the Mary’s Creek Special Sewer Service 

Area, these sewer infrastructure surcharge fees include surcharge development fees (in 

addition to the normal development fees) AND user surcharge fees (in addition to normal user 

fees mentioned in the previous paragraph).  Details of surcharge fees for this special sewer 

service area are included in APPENDIX B at the end of this document. 
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9.1 – PLANNING AREA AND PROJECT AREA AND BRIEF PROJECT DESCRIPTION 

 

The Planning Area for this project is the City of Memphis and adjacent unincorporated areas of 

Shelby County that are scheduled for annexation into the City of Memphis; these areas are 

experiencing high growth rates.   

Project No. 1:  T.E. Maxson Lagoon Improvements 

The T.E. Maxson WWTF located at 2685 Steam Plant Road was constructed in the early 

1970’s.  In 2000, the City retained a professional engineering consultant to review the lagoon 

conditions at the plant and the consultant has recommended the modification of the existing 

Lagoon 5.  The purpose of this project is to allow the Maxson WWTF to continue to meet the 

requirements of 40 CFR 503 (Sludge Regulations) and to facilitate sludge handling for the 

treatment facility.  The project consists of the removal of sludge from the confines of existing 

Lagoon 5; earthwork to modify the existing Lagoon 5 into three lagoon cells; installing HDPE 

liners in each of the three cells; installing floating covers in each of the three cells; biogas 

collection modifications; piping and pump additions and modifications at the existing Primary 

Sludge Pump Station; Lagoon 5 outfall modification; and miscellaneous piping, valves, and 

concrete work.  The project area is located in Southwest Memphis as shown on the Project Map 

included at the end of this section.   

 

Project No. 2:  M.C. Stiles Outfall Modification 

The M.C. Stiles WWTF located at 2303 North Second Street was constructed in the early 

1970’s.  Periodically, foam is observed in the Mississippi River at Outfall 001 from the WWTF.  

The purpose of this project is to design and construct a modification to the existing outfall 

structure that will eliminate foam.  The design options being considered will require an effluent 

discharge through a portal in the river bank with a non-vertical drop structure or a non-vertical  
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drop structure with mechanical diffuser or a mechanical energy dissipater with pumps and 

gates. The project area is located in Northwest Memphis as shown on the Project Map included 

at the end of this section.   

 

 

Project No. 3:  Mary’s Creek Gravity Interceptor Sewer Phase 2 

The Project Area is located north of Collierville in the Mary’s Creek area, as illustrated on the 

Project Areas maps at the end of this section. 

The proposed project will consist of installation of an estimated 10,559 linear feet of gravity 

interceptor sewer lines in the Mary’s Creek area of east Shelby County, which is north of the 

Wolf River and east of Gray’s Creek.  Mary’s Creek Phase 2, for which CWSRF funding is being 

sought via the application that accompanies this Facilities Plan, will begin at Pisgah Road and 

continue east to Reed Hooker Road, terminating north of Stable View Drive.  Phase 2 is a 

continuation of the Mary’s Creek Phase 1 project.  The Phase 1 project included installation of 

an estimated 10,297 linear feet of gravity sewer lines from the existing Wolf River Interceptor 

(south of Walnut Road near Gray’s Creek) east to Houston Levee Road and Pisgah Road.   

 

Project No. 4:  Sewer Assessment and Rehabilitation 

This project is comprised of a city wide sewer assessment and rehabilitation of the entire sewer 

system.  The City will complete approximately 240 miles of assessment per year.  The 

rehabilitation areas will be dependent on the assessment data.  We anticipate the original 

funding to carry the City approximately 4 years.  This could include gravity lines, force mains, 

and pumping stations.  Rehabilitation will include all forms of repair dependent on the condition 
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(i.e., CIPP, pipe burst, open cut, etc.).  The project area is located throughout the City as shown 

on the Project Map included at the end of this section.   
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9.2 – PROJECT SPECIFIC IMPACTS 

Project No. 1:  T.E. Maxson Lagoon Improvements 

As discussed previously, the proposed T.E. Maxson Lagoon Improvements project is located in 

a remote area of Southwest Memphis. The City anticipates that growth in the project area will be 

primarily industrial.  The topography of the project area varies from generally flat, and the area 

is drained by the Mississippi River system. The soils in the project area are generally deep, 

consisting of sand, silt, clay, and gravel. 

The City of Memphis anticipates no adverse impacts to historical or archeological features as a 

result of the proposed project.  The State of Tennessee Department of Environment and 

Conservation Division of Archaeology and the Tennessee Historical Commission both required 

a review of the proposed project. 

The City of Memphis anticipates no adverse impacts to threatened, endangered, or otherwise 

protected flora or fauna species as a result of the proposed project.  According to information 

obtained from the website of the State of Tennessee Department of Environment and 

Conservation Division of Natural Areas (www.state.tn.us/environment/na), There are a few 

flora/fauna species listed with a state status of Endangered (E), Threatened (T), Special 

Concern (S), or Deemed in need of management (D) including the following (common names 

are used herein) within the Nonconnah/Horn Lake Water Shed.: 

 

Cedar Elm (S), Mississippi Kite (D), and Bald Eagle (D) 

 

Locations of specific habitats of the above-mentioned flora and fauna species within the 

proposed project area, if any, are not known.  The proposed project will disturb only areas 

immediate to the lagoon modifications; such disturbance will be temporary (only for the duration 
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of the construction itself), and the disturbed areas will be returned as close to their pre-

construction states as possible.  However, should information be revealed during the design or 

construction of the proposed project regarding disturbance of habitats of any threatened or 

endangered species, all necessary procedures required by federal or state law will be taken to 

reduce or eliminate such disturbances.  

The City of Memphis anticipates no adverse impacts to the community’s water supply as a 

result of the proposed project.  The City of Memphis does not obtain drinking water from any 

surface lakes or rivers.  Rather, the water is obtained from the Memphis aquifer, which sits 

beneath Shelby County and contains more than 100 trillion gallons of water.  This water is 

drawn via wells, filtered and treated, and distributed to an estimated 265,000 customers.  The 

proposed project should not threaten the City’s water supply.  Furthermore, this project 

promotes cleaner surface waters and ground water by improving the treatment capabilities of 

the T.E. Maxson WWTP. 

The City of Memphis anticipates no adverse impacts to Wild or Scenic Rivers or wetlands as 

there are no National or State Scenic or Wild Rivers in Shelby County and no jurisdictional 

wetlands in the project area.   Also, the City of Memphis anticipates no long-term adverse 

impacts to ambient air quality or fish and wildlife in the project area.  While there may be 

temporary disturbances to air quality and fish and wildlife associated with normal construction 

activities, such as noise, dust, odor, and erosion, these impacts should only last for the duration 

of work in any specific area, and certain construction practices will be employed to minimize 

these adverse impacts.  Such techniques include, but are not limited to, maintaining good 

erosion control structures and best management practices (BMPs), notifying residents of 

construction activities, and restoring disturbed areas to their previous (or better than previous) 

condition. 
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Because the proposed project occurs in a remote area, the City of Memphis anticipates few 

adverse impacts to residential areas.  No displacement of the population or alteration of the 

character of existing residential neighborhoods is expected.  As stated previously, the only 

anticipated adverse environmental impacts are minor and temporary and include those 

associated with normal construction activities, such as noise, dust, odor, erosion, and 

inconvenience to nearby residents.  These impacts should only last for the duration of work in 

any specific area, and certain construction practices will be employed to minimize these adverse 

impacts.  Such techniques include, but are not limited to, limiting construction hours to avoid 

disturbing residents, maintaining good erosion control structures and best management 

practices (BMPs), notifying residents of construction activities, maintaining access to residences 

and businesses, and restoring disturbed areas to their previous (or better than previous) 

condition. 

 

Project No. 2:  M.C. Stiles Outfall Modification 

As discussed previously, the proposed M.C. Stiles Outfall Modification  project is located in a 

remote area of Northwest Memphis. The City anticipates that growth in the project area will be 

primarily industrial.  The topography of the project area varies from generally flat, and the area 

is drained by the Mississippi River system. The soils in the project area are generally deep, 

consisting of sand, silt, clay, and gravel. 

The City of Memphis anticipates no adverse impacts to historical or archeological features as a 

result of the proposed project.  The State of Tennessee Department of Environment and 

Conservation Division of Archaeology and the Tennessee Historical Commission both required 

a review of the proposed project. 

The City of Memphis anticipates no adverse impacts to threatened, endangered, or otherwise 

protected flora or fauna species as a result of the proposed project.  According to information 
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obtained from the website of the State of Tennessee Department of Environment and 

Conservation Division of Natural Areas (www.state.tn.us/environment/na), There are a few 

flora/fauna species listed with a state status of Endangered (E), Threatened (T), Special 

Concern (S), or Deemed in need of management (D) including the following (common names 

are used herein) within the Loosahatchie/ Mississippi River Water Shed.: 

 

Mississippi Kite (D), Interior Least Tern (E), Lark Sparrow (T), Blue Sucker (T), and Bald 

Eagle (D) 

 

Locations of specific habitats of the above-mentioned flora and fauna species within the 

proposed project area, if any, are not known.  The proposed project will disturb only areas 

immediate to the effluent outfall modifications; such disturbance will be temporary (only for the 

duration of the construction itself), and the disturbed areas will be returned as close to their pre-

construction states as possible.  However, should information be revealed during the design or 

construction of the proposed project regarding disturbance of habitats of any threatened or 

endangered species, all necessary procedures required by federal or state law will be taken to 

reduce or eliminate such disturbances.  

The City of Memphis anticipates no adverse impacts to the community’s water supply as a 

result of the proposed project.  The City of Memphis does not obtain drinking water from any 

surface lakes or rivers.  Rather, the water is obtained from the Memphis aquifer, which sits 

beneath Shelby County and contains more than 100 trillion gallons of water.  This water is 

drawn via wells, filtered and treated, and distributed to an estimated 265,000 customers.  The 

proposed project should not threaten the City’s water supply.  Furthermore, this project 

promotes cleaner surface waters and ground water by improving the effluent quality of the M.C. 

Stiles WWTP. 
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The City of Memphis anticipates no adverse impacts to Wild or Scenic Rivers or wetlands as 

there are no National or State Scenic or Wild Rivers in Shelby County and no jurisdictional 

wetlands in the project area.   Also, the City of Memphis anticipates no long-term adverse 

impacts to ambient air quality or fish and wildlife in the project area.  While there may be 

temporary disturbances to air quality and fish and wildlife associated with normal construction 

activities, such as noise, dust, odor, and erosion, these impacts should only last for the duration 

of work in any specific area, and certain construction practices will be employed to minimize 

these adverse impacts.  Such techniques include, but are not limited to, maintaining good 

erosion control structures and best management practices (BMPs), notifying residents of 

construction activities, and restoring disturbed areas to their previous (or better than previous) 

condition. 

Because the proposed project occurs in a remote area, the City of Memphis anticipates few 

adverse impacts to residential areas.  No displacement of the population or alteration of the 

character of existing residential neighborhoods is expected.  As stated previously, the only 

anticipated adverse environmental impacts are minor and temporary and include those 

associated with normal construction activities, such as noise, dust, odor, erosion, and 

inconvenience to nearby residents.  These impacts should only last for the duration of work in 

any specific area, and certain construction practices will be employed to minimize these adverse 

impacts.  Such techniques include, but are not limited to, limiting construction hours to avoid 

disturbing residents, maintaining good erosion control structures and best management 

practices (BMPs), notifying residents of construction activities, maintaining access to residences 

and businesses, and restoring disturbed areas to their previous (or better than previous) 

condition. 
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Project No. 3:  Mary’s Creek Gravity Interceptor Sewer Phase 2  

As discussed previously, the proposed Mary’s Creek Sewer Interceptor project is located in 

currently undeveloped areas that are in or adjacent to the floodplains of Mary’s Creek.  The City 

anticipates that growth in the project area will be primarily residential.  The topography of the 

Mary’s Creek project area varies from generally flat (near the floodplain) to gently rolling hills 

(north and south of the floodplain), and the area is drained by the Wolf River system, which 

consists of small creeks scattered throughout the area that drain into Mary’s Creek or Gray’s 

Creek.  Mary’s Creek empties into Gray’s Creek north of where Gray’s Creek empties into the 

Wolf River, which empties into the Mississippi River.  The soils in the project area are generally 

deep, consisting of sand, silt, clay, and gravel. 

 

The City of Memphis anticipates no adverse impacts to historical or archeological features as a 

result of the proposed project.  The State of Tennessee Department of Environment and 

Conservation Division of Archaeology and the Tennessee Historical Commission both required 

a review of the proposed project (specifically the proposed sewer line routes outside existing 

road right-of-ways).   

The City of Memphis anticipates no adverse impacts to threatened, endangered, or otherwise 

protected flora or fauna species as a result of the proposed project.  According to information 

obtained from the website of the State of Tennessee Department of Environment and 

Conservation Division of Natural Areas (www.state.tn.us/environment/na). There are a few 

flora/fauna species listed with a state status of Endangered (E), Threatened (T), Special 

Concern (S), or Deemed in need of management (D) including the following (common names 

are used herein) within the Mary’s Creek/Gray’s Creek Water Shed.: 

 

Naked Sand Darter (D), Piebald Madtom (D) 
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Locations of specific habitats of the above-mentioned flora and fauna species within the 

proposed project area, if any, are not known.  The proposed project will disturb only areas 

immediate to the sewer interceptor installation; such disturbance will be temporary (only for the 

duration of the construction itself), and the disturbed areas will be returned as close to their pre-

construction states as possible.  However, should information be revealed during the design or 

construction of the proposed project regarding disturbance of habitats of any threatened or 

endangered species, all necessary procedures required by federal or state law will be taken to 

reduce or eliminate such disturbances. 

  

The City of Memphis anticipates no adverse impacts to the community’s water supply as a 

result of the proposed projects.  The City of Memphis does not obtain drinking water from any 

surface lakes or rivers.  Rather, the water is obtained from the Memphis aquifer, which sits 

beneath Shelby County and contains more than 100 trillion gallons of water.  This water is 

drawn via wells, filtered and treated, and distributed to an estimated 265,000 customers.  The 

proposed project should not threaten the City’s water supply.  Furthermore, this project 

promotes cleaner surface waters and ground water by limiting sewer septic systems and 

drainfields and transporting potential contaminants in sewage to treatment facilities.   

 

The City of Memphis anticipates no adverse impacts to Wild or Scenic Rivers or wetlands as 

there are no National or State Scenic or Wild Rivers in Shelby County and no jurisdictional 

wetlands in the project area.   Also, the City of Memphis anticipates no long-term adverse 

impacts to ambient air quality or fish and wildlife in the project area.  While there may be 

temporary disturbances to air quality and fish and wildlife associated with normal construction 

activities, such as noise, dust, odor, and erosion, these impacts should only last for the duration 
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of work in any specific area, and certain construction practices will be employed to minimize 

these adverse impacts.  Such techniques include, but are not limited to, maintaining good 

erosion control structures and best management practices (BMPs), notifying residents of 

construction activities, and restoring disturbed areas to their previous (or better than previous) 

condition. 

Portions of the proposed project do lie within the 100-year floodplain (as they are near Mary’s 

Creek). Occasionally as design requires, the proposed pipeline route may enter the floodway.  

However, the City of Memphis anticipates no adverse impacts to the floodplain or floodway as a 

result of the proposed project.  While the construction of the proposed interceptor sewer will 

disturb the floodplain and, possibly, the floodway, the disturbance will only be for the duration of 

construction, and the disturbed areas will be restored to their previous condition.  The 

completed project will consist of buried pipe (not visible) and occasional manholes (visible and 

spaced as required by the design of the sewer interceptor).  The manhole or vent pipe 

elevations will be established to lie above the 100-year flood elevation throughout the project 

area to avoid storm water infiltration during flood events.   

The proposed pipeline route for Phase 2 of the Mary’s Creek Interceptor Sewer project lies 

almost entirely (approximately 95 percent) in the floodplain and requires six (6) stream 

crossings.  Of the Phase 2 stream crossings, three (3) occur near the beginning of the project 

east of Pisgah Road (unnamed creeks) and three (3) occur near the end of the project west of 

Reed Hooker Road (unnamed creeks).  All necessary permits related to stream crossings 

(ARAP, TVA, or US Army Corps of Engineers, as applicable) will be obtained prior to 

construction, and all necessary actions will be taken to prevent potential to prevent adverse 

impacts at the stream crossings. 

Because the proposed project occurs in rural areas, the City of Memphis anticipates few 

adverse impacts to residential areas.  No displacement of the population or alteration of the 
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character of existing residential neighborhoods is expected.  As stated previously, the only 

anticipated adverse environmental impacts are minor and temporary and include those 

associated with normal construction activities, such as noise, dust, odor, erosion, and 

inconvenience to nearby residents.  These impacts should only last for the duration of work in 

any specific area, and certain construction practices will be employed to minimize these adverse 

impacts.  Such techniques include, but are not limited to, limiting construction hours to avoid 

disturbing residents, maintaining good erosion control structures and best management 

practices (BMPs), notifying residents of construction activities, maintaining access to residences 

and businesses, and restoring disturbed areas to their previous (or better than previous) 

condition. 

 

Project No. 4:  Sewer Assessment and Rehabilitation 

As discussed previously, the proposed sewer assessment and rehabilitation project is the City 

of Memphis and adjacent unincorporated areas of Shelby County that are slated for annexation 

into the City of Memphis.  The City anticipates that growth in the project area will be primarily 

residential.  The topography of the project areas varies from generally flat (near the floodplain) 

to gently rolling hills, and the area is drained by the Wolf River, Loosahtchie River, and the 

Nonconnah Creek systems. The soils in the project area are generally deep, consisting of sand, 

silt, clay, and gravel. 

The City of Memphis anticipates no adverse impacts to historical or archeological features as a 

result of the proposed project.  The State of Tennessee Department of Environment and 

Conservation Division of Archaeology and the Tennessee Historical Commission both required 

a review of the proposed project (specifically the proposed sewer line routes outside existing 

road right-of-ways).  The review did not indicate any archaeologically of historically significant 

sites in the Project Area.   
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The City of Memphis anticipates no adverse impacts to threatened, endangered, or otherwise 

protected flora or fauna species as a result of the proposed project.  According to information 

obtained from the website of the State of Tennessee Department of Environment and 

Conservation Division of Natural Areas (www.state.tn.us/environment/na There are a few 

flora/fauna species listed with a state status of Endangered (E), Threatened (T), Special 

Concern (S), or Deemed in need of management (D) including the following (common names 

are used herein) within the Northeast, Northwest, Southwest, and Southeast Memphis Water 

Sheds.: 

 

Ovate Catchfly  (E),Willow Aster (E), Swainson’s Warbler (D), Barn Owl (D), Mississippi 

Kite (D), Blue Sucker (T), Bulbous Adder’s Tongue (S), Bewick’s Wren (E), Lark Sparrow (T) 

 

Locations of specific habitats of the above-mentioned flora and fauna species within the 

proposed project area, if any, are not known.  The proposed project will disturb only areas 

immediate to the sewer interceptor installation; such disturbance will be temporary (only for the 

duration of the construction itself), and the disturbed areas will be returned as close to their pre-

construction states as possible.  However, should information be revealed during the design or 

construction of the proposed project regarding disturbance of habitats of any threatened or 

endangered species, all necessary procedures required by federal or state law will be taken to 

reduce or eliminate such disturbances. 

  

The City of Memphis anticipates no adverse impacts to the community’s water supply as a 

result of the proposed projects.  The City of Memphis does not obtain drinking water from any 

surface lakes or rivers.  Rather, the water is obtained from the Memphis aquifer, which sits 

beneath Shelby County and contains more than 100 trillion gallons of water.  This water is 
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drawn via wells, filtered and treated, and distributed to an estimated 265,000 customers.  The 

proposed project should not threaten the City’s water supply.  Furthermore, this project 

promotes cleaner surface waters and ground water by limiting sewer septic systems and 

drainfields and transporting potential contaminants in sewage to treatment facilities.   

 

The City of Memphis anticipates no adverse impacts to Wild or Scenic Rivers or wetlands as 

there are no National or State Scenic or Wild Rivers in Shelby County and no jurisdictional 

wetlands in the project area.   Also, the City of Memphis anticipates no long-term adverse 

impacts to ambient air quality or fish and wildlife in the project area.  While there may be 

temporary disturbances to air quality and fish and wildlife associated with normal construction 

activities, such as noise, dust, odor, and erosion, these impacts should only last for the duration 

of work in any specific area, and certain construction practices will be employed to minimize 

these adverse impacts.  Such techniques include, but are not limited to, maintaining good 

erosion control structures and best management practices (BMPs), notifying residents of 

construction activities, and restoring disturbed areas to their previous (or better than previous) 

condition. 

Portions of the proposed project do lie within the 100-year floodplain of the Wolf River, 

Loosahatchie River, and Nonconnah Creek. Occasionally as design requires, the proposed 

pipeline route may enter the floodway.  However, the City of Memphis anticipates no adverse 

impacts to the floodplain or floodway as a result of the proposed project.  While the sewer 

rehabilitation will disturb the floodplain and, possibly, the floodway, the disturbance will only be 

for the duration of construction, and the disturbed areas will be restored to their previous 

condition.  The completed project will consist of repaired or replaced buried pipe (not visible) 

and occasional manhole repairs. 
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Even though the proposed project occurs throughout the City, it is not anticipated that the 

project will adversely impact residential areas.  No displacement of the population or alteration 

of the character of existing residential neighborhoods is expected.  As stated previously, the 

only anticipated adverse environmental impacts are minor and temporary and include those 

associated with normal construction activities, such as noise, dust, odor, erosion, and 

inconvenience to nearby residents.  These impacts should only last for the duration of work in 

any specific area, and certain construction practices will be employed to minimize these adverse 

impacts.  Such techniques include, but are not limited to, limiting construction hours to avoid 

disturbing residents, maintaining good erosion control structures and best management 

practices (BMPs), notifying residents of construction activities, maintaining access to residences 

and businesses, and restoring disturbed areas to their previous (or better than previous) 

condition. 
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10.1 – IDENTIFICATION OF MINORITY AND LOW-INCOME POPULATIONS IN PROJECT 

AREA 

Project No. 1:  T.E. Maxson Lagoon Improvements 

The Project Area is located in a remote area of Southwest Memphis. There are no residential 

areas in the vicinity. There are no minority or low-income populations within the project area. 

 

Project No. 2:  M.C. Stiles Outfall Modification 

The Project Area is located in a remote area of Northwest Memphis. There are no residential 

areas in the vicinity. There are no minority or low-income populations within the project area. 

 

Project No. 3:  Mary’s Creek Gravity Interceptor Sewer Phase 2 

The immediate project area is in a relatively undeveloped location of a City of Memphis 

annexation area in Shelby County.  As a result of completion of the proposed project, this 

location should experience swift growth and development.  Although minority and low-income 

populations have not been specifically identified for the project area, the City believes that there 

are relatively few minority or low-income populations in the Mary’s Creek project area, based on 

population characteristics of the surrounding communities.  The anticipated growth in the Mary’s 

Creek project area, again based on population characteristics of surrounding communities, will 

be predominately average to above-average income populations.  

 

Project No. 4:  Sewer Assessment and Rehabilitation 

Since this Project Area encompasses the entire City, several areas of minority and low-income 

population will be included in the sewer assessment and rehabilitation areas. A review of the 

City Overview Map at the end of this section identifies areas of sewer overflows in the past. The 

identified areas on this map are indicators of possible sewer rehabilitation projects.  
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SECTION 10 – ENVIRONMENTAL JUSTICE CONCERNS 
 

 
Askew Hargraves Harcourt and Associates, Inc.  Clean Water State Revolving Fund Loan Application 
A2H # 12174  Facilities Plan 
  August 2012 

2 

 

10.2 – EVALUATION OF DISPROPORTIONATE RISKS TO IDENTIFIED EJ POPULATIONS 

Project No. 1:  T.E. Maxson Lagoon Improvements 

Project No. 2:  M.C. Stiles Outfall Modification 

Project No. 3:  Mary’s Creek Gravity Interceptor Sewer Phase 2 

Project No. 4:  Sewer Assessment and Rehabilitation 

 

There are no anticipated disproportionate risks to EJ populations associated with these projects.  

The proposed projects should benefit all residents of this City of Memphis and annexation areas 

in Shelby County by encouraging continued growth and development. 
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SECTION 10 – ENVIRONMENTAL JUSTICE CONCERNS 
 

 
Askew Hargraves Harcourt and Associates, Inc.  Clean Water State Revolving Fund Loan Application 
A2H # 12174  Facilities Plan 
  August 2012 

3 

10.3 – IDENTIFICATION OF PUBLIC PARTICIPATION OPPORTUNITIES FOR IDENTIFIED 

EJ POPULATIONS 

Project No. 1:  T.E. Maxson Lagoon Improvements 

Project No. 2:  M.C. Stiles Outfall Modification 

Project No. 3:  Mary’s Creek Gravity Interceptor Sewer Phase 2 

Project No. 4:  Sewer Assessment and Rehabilitation 

 

As stated in Section 7.2 – Public Involvement/Public Meetings, a public hearing will be held in 

which the projects will be identified on a display map for public review and comment during the 

loan application process.  All affected residents of Shelby County, including those in EJ 

populations, will have opportunity to offer comments, favorable or unfavorable, and ask 

questions concerning the proposed projects. The City of Memphis anticipates that public 

comments will be favorable.   
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SECTION 10 – ENVIRONMENTAL JUSTICE CONCERNS 
 

 
Askew Hargraves Harcourt and Associates, Inc.  Clean Water State Revolving Fund Loan Application 
A2H # 12174  Facilities Plan 
  August 2012 

4 

10.4 – EVALUATION OF ENVIRONMENTAL/HEALTH RISKS AMONG IDENTIFIED EJ 

POPULATIONS THAT MAY BE EXACERBATED BY PROPER CONSTRUCTION AND 

OPERATION OF THE SELECTED ALTERNATIVE 

Project No. 1:  T.E. Maxson Lagoon Improvements 

Project No. 2:  M.C. Stiles Outfall Modification 

Project No. 3:  Mary’s Creek Gravity Interceptor Sewer Phase 2 

Project No. 4:  Sewer Assessment and Rehabilitation 

There are no anticipated environmental or health risks among EJ populations that will be 

exacerbated by proper construction and operation of the selected alternatives.  Certain 

construction practices will be employed to minimize minor adverse impacts associated with 

normal construction practices (refer to the Specific Impacts discussion in Section 9).  Again, the 

proposed projects should benefit all residents of this City of Memphis and annexation areas in 

Shelby County by encouraging continued growth and development. 
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APPENDIX A 

 
Askew Hargraves Harcourt and Associates, Inc.  Clean Water State Revolving Fund Loan Application 
A2H # 12174  Facilities Plan 
  August 2012 

APP-A 

COPIES OF NPDES PERMITS 

 

1.  State of Tennessee NPDES Permit – T.E. Maxson STP * 

2.  State of Tennessee NPDES Permit – Maynard C. Stiles STP * 

3.  State of Tennessee NPDES Permit – Memphis-Chapel Hill S.D. STP 
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TENNESSEE DEPARTMENT OF ENVIRONMENT AND CONSERVATION
 
DIVISION OF WATER POLLUTION CONTROL
 

401 CHURCH STREET
 
L & C ANNEX 6TH FLOOR
 

NASHVILLE TN 37243
 

NOV 30 2011
 
Mr. Dwan L. Gilliom 
Director 
City of Memphis, Division of Public Works 
125 North Main Street 
Room 608 
Memphis, TN 38103 

Subject:	 NPDES Permit No. TN0020711 
Memphis-Maynard C. Stiles STP North Plant 
Memphis, Shelby County, Tennessee 

Dear Mr. Gilliom: 

In accordance with the provisions of the Tennessee Water Quality Control Act, Tennessee Code Annotated 
(T.CA.), Sections 69-3-101 through 69-3-120, the Division of Water Pollution Control hereby issues the 
enclosed NPDES Permit. The continuance andlor reissuance of this NPDES Permit is contingent upon your 
meeting the conditions and requirements as stated therein. 

Please be advised that a petition for permit appeal may be filed, pursuant to T.C.A. Section 69-3-105, 
subsection (i), by the permit applicant or by any aggrieved person who participated in the public comment 
period or gave testimony at a formal public hearing whose appeal is based upon any of the issues that were 
provided to the commissioner in writing during the public comment period or in testimony at a formal public 
hearing on the permit application. Additionally, for those permits for which the department gives public notice 
of a draft permit, any permit applicant or aggrieved person may base a permit appeal on any material change to 
conditions in the [mal permit from those in the draft, unless the material change has been subject to additional 
opportunity for public comment. Any petition for permit appeal under this subsection (i) shall be filed with the 
board within thirty (30) days after public notice of the commissioner's decision to issue or deny the permit. 

If you have questions, please contact the Memphis Environmental Field Office at 1-888-891-TDEC; or, at this 
office, please contact Mr. Gary Davis at (615) 532-0649 or by E-mail at Gary.Davis@tn.gov. 

 
Manager, Permit Section 
Division of Water Pollution Control 
PIWAT-3 

Enclosure 

cc:	 Permit Section File 
Memphis Environmental Field Office (Eddy.Bouzcld(u,tn.gu\ ) 
Ms. Connie A. Kagey, NPDES Pennit Section, EPA Region IV, Kagcy.Cunnie<a:epamail.eoa.go\ 
Mr. 1. Andrew Goddard, Attorney at Law, Bass, Barry and Sims, PLC, PGoddard@bassberry.colTl 
Mr. Gary B. Cohen, Special Counsel for Memphis, Hall & Associates, gcohen(whall-associarcs.r..:um 
Mr. James H. Baker, Chickasaw Group-TN Chapter Viee-Chair and TN Water Sentinels Project Leader, Tennesse Chapter-Sierra 

Club-Chickasaw Group, to water sentineICa;yahoo,com 
EPA-HQ-2019-004783   001257
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STATE OF TENNESSEE 

NPDES PERMIT 

No. TN0020711 

Authorization to discharge under the
 
National Pollutant Discharge Elimination System (NPDES)
 

Issued By
 

Tennessee Department of Environment and Conservation
 
Division of Water Pollution Control
 

401 Church Street
 
6th Floor, L & C Annex
 

Nashville, Tennessee 37243-1534
 

Under authority of the Tennessee Water Quality Control Act of 1977 (T.CA 69-3-101 et seq.) and the 
delegation of authority from the United States Environmental Protection Agency under the Federal Water 
Pollution Control Act, as amended by the Clean Water Act of 1977 (33 U.S.C. 1251, et seq.) 

Discharger: Memphis - Maynard C. Stiles STP 

is authorized to discharge: treated municipal wastewater from Outfall 001 

from a facility located: in Memphis, Shelby County, Tennessee 

to receiving waters named: Mississippi River at mile 738.8 

in accordance with effluent limitations, monitoring requirements and other conditions set forth herein. 

This permit shall become effective on: January 1, 2012 

This permit shall expire on: December 31, 2016 

Issuance date: November 30, 2011 

P
Division of Water Pollution Control 

CN·0759 RDAs 2352 and 2366 
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EFFLUENT LIMITATIONS AND MONITORING REQUIREMENTS 

EFFLUENT LIMITATIONS
 
The permittee is authorized to discharge its M.G. Stiles STP treated wastewater from Outfall 001 to the Mississippi
 
River at Mile 738.8 pursuant to the permit limitations and monitoring requirements specified in this section. The M.G.
 
Stiles STP has a design capacity of 135 MGD.
 

Maynard C. Stiles STP (TNOO20711) - Outfall 001 Discharge Effluent Limitations and Monitoring Requirements 

Effluent 
Characteristics Monthly 

Effluent Limitations 
Weekly Oally 

MonRorin!! Requirements 
Measurement Sample Sample 

Average Average Removal Average Average Maximum Minimum Removal Frequency Type Point 

(moll) (Ib/davl (%) (mOm (I'/dav) (mom (%) 

8005 43.1 
Report 

Report 65 64.7 Report 66.1 
Report 

40 Dally 

Dai 

composite 

composite 

effluent 

influent 

Total Suspended Solids (TSS) 52 
Re art 

Re art 85 78 Re ort 104 
Re art 

40 Dai 
Dai 

com Galle 
com Daile 

effluent 
Influent 

Ammonla-Nltroaen as N ReDort ReDorl Reoorl Monthlv comDoslte effluent 

Total Nitrogen (as N) Report 
Report 

Report 
Report 

Report Report 
Report 

Monthly 
Monthly 

composite 
composite 

effluent 
Influent 

Total Phosphorus (as P) Re art 
Re ort 

Ae art 
Re ort 

Re ort Re ort 
Re ort 

Monthl 
MonthlY 

com oslte 
comDoslte 

effluent 
Influent 

E. eoN, cfu/100 ml al- durlna comDllance schedule 

E. eoN. cful100 ml a) - followtnq complalnce schedule 

Total Residual Chlorine RC or Total Residual Oxidant RO • 

ReDort 

126 

ReDort 

487 

2.0 

DailY 

Dally 

Dal 

arab 

orab 

ra' 

effluent 

effluent 

effluent 

SetUeable Solids lmUIl 1.0 DailY comDoslte effluent 

Dissolved Oxygen (mgll) 1.0 Dally grab effluent 

H standard units 9.0 6.0 Da' ra' effluent 

<a) The permttlee must comply with the E. coflllmlts following the compliance schedule presented In section 3.6 of this permit. 

(b)	 The TRC limit will be applicable It and when when the permittee Installs/operates a chlorination disinfection system. If a TRO system is 

Installed/operated for disinfection, the dlvlelon will reopen the pennlt to Include an applicable TRO limit 
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Maynard C. Stiles STP (TNOO20711)· Outfall 001 Discharge Effluent Limitations and Monitoring Requirements (Continued) 

Effluent Effluent Limitations Monitoring Requirements 
Characteristics Monthly Weekly Daily Measurement Sample Sample 

Average Average Removal Average Average Maximum Minimum Removal Frequency Type Point 

(mglll (Ibldavl (%) (mglll (lbldavl (mglll (%) 

Dr an+c PestiCide Chemicals c Re art Re ort Annual com osile effluent 

Total Dioxi 0.000000001 0.000000001 Annual mb effluent 

Total Po chlorinated Bi hen Is PCBs 0.00000064 0.00000064 Annual com oshe effluent 
Total Chiordane 0.0000081 0.0000081 Annual com oshe effluent 

Total Mercurv ReDort ReDori AnnuallY comDosite affluent 

Meth I Mereu Re art Report Annually .mb effluent 

Benzidine Re ort Re ort Annual mb effluent 

HelC8chiorobenzene Re art Re ort Annual 'Sb effluent 

Acute Aauatic Toxicltv - 48 hour LC '" fd Report ISUlvlval for serial effluent dilutions) Annually arab effluent 

OutlallObselVatIon, Visual Ie) Daily visual effluent 

Flow (MGO) Report Report Report DailY continuous Inftuent 
Report Report Report DailY continuous effluent 

Sanitary Sewer Overflows, Report continuous visual NA 
Total Occurrences 

Dry Weather Overflows, Report continuous visual NA 
Total Occurrences 

Sewer Backups in Buildings, Report continuous visual NA 
Total Occurrences 

Bypass of Treatment, Report continuous visual NA 
Total Decurrences 

(c)	 The permntee shall also report the Individual organic pesticide chemicals (4,4'-000; 4,4'DOE; aldrin; endosulfan I, endosuHan II; endrln; endrin; gamma-BHC (Lindane); heptachlor epoxide; heptachlor; P 
total chlordane; toxaphene; DDT; and dieldrin). 

(d) Per Section 3.4. 
(e) Permittee ahall complete "s visual obselVatlons pursuant to seclion 3.5 of this permil 
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Total residual chlorine (TRC) and oxidants (TRO) monitoring shall be applicable 
when chlorine, bromine, or any other oxidants are added. The acceptable methods 
for analysis of TRC are any methods specified in Title 40 CFR, Part 136, as 
amended. 

The permittee may collect more Outfall 001 discharge samples than specified as the 
monitoring frequency. E. coli samples may not be collected at intervals of less than 
12 hours. For the purpose of determining the geometric mean, individual samples 
having an E. coli group concentration of less than one (1) cfu per 100 ml shall be 
considered as having a concentration of one (1) cfu per 100 ml. 

There shall be no distinctly visible floating scum, oil or other matter contained in the 
wastewater discharge. 

The wastewater discharge must not cause an objectionable color contrast in the 
receiving stream. 

The wastewater discharge shall not contain pollutants in quantities that will be 
hazardous or otherwise detrimental to humans, livestock, wildlife, plant life, or fish 
and aquatic life in the receiving stream. 

Sludge or any other material removed by any treatment works must be disposed of
 
in a manner that prevents its entrance into or pollution of any surface or subsurface
 
waters. Additionally, the disposal of such sludge or other material must be in
 

. compliance with the Tennessee Solid Waste Disposal Act, TCA 68-31-101 et seq.
 
and the Tennessee Hazardous Waste Management Act, TCA 68-46-101 et seq. 

For the purpose of evaluating compliance with the permit limits established herein, 
where certain limits are below the state of Tennessee published required detection 
levels (RDLs) for any given effluent characteristics, the results of analyses below the 
RDL shall be reported as Below Detection Level (BDL), unless in specific cases 
other detection limits are demonstrated to be the best achievable because of the 
particular nature of the wastewater being analyzed. The BDL value shall be reported 
in the DMR "Comments" section. 

For BOD5 and TSS, the treatment facility shall demonstrate a minimum of 85% 
removal efficiency on a monthly average basis. This is calculated by determining an 
average of all daily influent concentrations and comparing this to an average of all 
daily effluent concentrations. The formula for this calculation is as follows: 

1 - [average of daily effluent concentrations J ] x 100% = % removal 
[ average of daily influent concentrations 

The treatment facility will also demonstrate 40% minimum removal of the BOD5 and 
TSS based upon each daily composite sample. The formula for this calculation is as 
follows: 

1 - [dailY effluent concentrations J ] x 100% = % removal 
[ daily influent concentrations 
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1.2 MONITORING PROCEDURES 
1.2.1 Representative Sampling 

Appropriate flow measurement devices and/or division-approved methods consistent 
with accepted scientific practices shall be used to insure the accuracy and reliability 
of measurements of the volume of monitored discharges. The devices shall be 
installed, calibrated and maintained to insure that the accuracy of the measurements 
is consistent with accepted capability of that type of device. Devices and methods 
used shall be capable of measuring flows with a maximum deviation of less than 
plus or minus 10% from the true discharge rates throughout the range of expected 
discharge volumes. 

Samples and measurements taken in compliance with the monitoring requirements 
specified above shall be representative of the volume and nature of the monitored 
discharge, and shall be taken at the following location(s): 

Influent samples must be collected prior to mixing with any other wastewater being 
returned to the head of the plant, such as return sludge. Those systems with more 
than one influent line must collect samples from each and proportion the results by 
the flow from each line. However, as long as the sludge lagoon supernatant is 
discharged into interceptors ahead of the STP, the influent samples may be 
collected after the sludge lagoon supernatant return. The permittee must submit an 
Influent Flow Assessment Report to the division, which relates the quality and 
quantity of the supernatant stream within siX1y (60) days of permit effective date. 
Otherwise, the influent samples must be collected ahead of the influent's mixing with 
any other wastestreams being returned to the head of the plant. Additionally, 
systems with more than one influent line must collect samples from each and 
proportion the results by the flow from each line. 

Effluent samples must be representative of the wastewater being discharged and 
collected prior to mixing with any other discharge or the receiving stream. This can 
be a different point for different parameters, but must be after all treatment for that 
parameter or all expected change: 

a.	 If chlorination is used for disinfection, final effluent BOD5 samples can be 
collected before disinfection to avoid having to dechlorinate and seed the 
samples. If a non-chlorination-based oxidation process is used for effluent 
disinfection, the permittee shall use BODs testing procedures approved by the 
division for its treated effluent analyses. 

b.	 The chlorine residual must be measured after the chlorine contact chamber and 
any dechlorination. It may be to the advantage of the permittee to measure at the 
end of any long outfall lines. 

c.	 Samples for E. coli can be collected at any point between disinfection and the 
actual discharge. 
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d.	 The dissolved oxygen can drop in the outfall line; therefore, D.O. measurements 
are required at the discharge end of outfall lines greater than one mile long. 
Systems with outfall lines less than one mile may measure dissolved oxygen as 
the wastewater leaves the treatment facility. For systems with dechlorination, 
dissolved oxygen must be measured after this step and as close to the end of 
the outfall line as possible. 

e.	 Total suspended solids and settleable solids can be collected at any point after 
the final clarifier. 

f.	 Biomonitoring tests shall be conducted on final effluent. 

1.2.2 Sampling Frequency 

Where the permit requires sampling and monitoring of a particular effluent 
characteristic(s) at a frequency of less than once per day or daily, the permittee is 
precluded from marking the "No Discharge" block on the Discharge Monitoring 
Report if there has been any discharge from that particular outfall during the period 
which coincides with the required monitoring frequency; i.e. if the required 
monitoring frequency is once per month or 1/month, the monitoring period is one 
month, and if the discharge occurs during only one day in that period then the 
permittee must sample on that day and report the results of analyses accordingly. 

1.2.3 Test Procedures 

a.	 Test procedures for the analysis of pollutants shall conform to regulations 
published pursuant to Section 304 (h) of the Clean Water Act (the "Act"), as 
amended, under which such procedures may be required. The treated effluent 
total mercury shall be determined using EPA Method 245.7 or 1631 E and methyl 
mercury analyzed using EPA Method 1630. For monitoring PBCs the permittee 
shall use EPA Method 1668B. 

b.	 Unless otherwise noted in the permit, all pollutant parameters shall be 
determined according to methods prescribed in Title 40 CFR Part 136, as 
amended, promulgated pursuant to Section 304 (h) of the Act, using sufficiently 
sensitive testing to demonstrate permit compliance, and/or best achievable 
methods for permit reporting requirements. The permittee shall obtain written 
division approval for using analyticai procedures not provided in Title 40 CFR 
Part 136 for permit compliance. 

c.	 Composite samples must be proportioned by flow at time of sampling. Aliquots 
may be collected manually or automatically. The sample aliquots must be 
maintained at less than or equal to 6 degrees Celsius during the compositing 
period. 
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1.2.4 Recording of Results 

For each measurement or sample taken pursuant to the requirements of this permit. 
the permittee shall record the following information: 

a. The exact place, date and time of sampling; 

b. The exact person(s) collecting samples; 

c. The dates and times the analyses were performed; 

d. The person(s) or laboratory who performed the analyses; 

e. The analytical techniques or methods used, and; 

f. The results of all required analyses. 

1.2.5 Records Retention 

All records and information resulting from the monitoring activities required by this 
permit including all records of analyses performed and calibration and maintenance 
of instrumentation shall be retained for a minimum of three (3) years, or longer, if 
requested by the Division of Water Pollution Control. 

1.3 REPORTING 

1.3.1 Monitoring Results 

Monitoring results shall be recorded monthly and submitted monthly using Discharge 
Monitoring Report (DMR) torms or an electronic program supplied by the Division of 
Water Pollution Control. Submittals shall be postmarked or sent electronically no 
later than 15 days after the completion of the reporting period. The top two copies of 
each report are to be submitted. A copy should be retained for the permittee's files. 
DMRs and any communication regarding compliance with the conditions of this 
permit must be sent to: 

TENNESSEE DEPT. OF ENVIRONMENT & CONSERVATION
 
DIVISION OF WATER POLLUTION CONTROL
 

COMPLIANCE REVIEW SECTION
 
401 CHURCH STREET
 

L & C ANNEX 6TH FLOOR
 
NASHVILLE TN 37243-1534
 

The first DMR is due on the 15th of the month following permit effectiveness. 

DMRs and any other report or information submitted to the division must be signed 
and certified by a responsible corporate officer as defined in 40 CFR 122.22, a 
general partner or proprietor, or a principal municipal executive officer or ranking 
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elected official, or his duly authorized representative. Such authorization must be 
submitted in writing and must explain the duties and responsibilities of the authorized 
representative. 

The electronic submission of DMRs will be accepted only if approved in writing by 
the division. For purposes of determining compliance with this permit, data submitted 
in electronic format is legally equivalent to data submitted on signed and certified 
DMR forms. 

1.3.2 Additional Monitoring by Permittee 

If the permittee monitors any pollutant specifically limited by this permit more 
frequently than required at the location(s) designated, using approved analytical 
methods as specified herein, the results of such monitoring shall be included in the 
calculation and reporting of the values required in the DMR form. Such increased 
frequency shall also be indicated on the form. 

1.3.3 Falsifying Results and/or Reports 

Knowingly making any false statement on any report required by this permit or 
falsifying any result may result in the imposition of criminal penalties as provided for 
in Section 309 of the Federal Water Pollution Control Act, as amended, and in 
Section 69-3-115 of the Tennessee Water Quality Control Act. 

1.3.4 Monthly Report of Operation 

Monthly operational reports shall be submitted on standard forms to the appropriate 
Division of Water Pollution Control Environmental Field Office in Jackson, Nashville, 
Chattanooga, Columbia, Cookeville, Memphis, Johnson City, or Knoxville. Reports 
shall be submitted by the 15th day of the month following data collection. 

1.3.5 Bypass and Overflow Reporting 

1.3.5.1 Report Requirements 

A summary report of known or suspected instances of overflows in the collection 
system or bypass of wastewater treatment facilities shall accompany the Discharge 
Monitoring Report. The report must contain the date and duration of the instances of 
overflow and/or bypassing and the estimated quantity of wastewater released and/or 
bypassed. The report must separately list which overflows flowed into bUildings. 

The report must also detail activities undertaken during the reporting period to (1) 
determine if overflow is occurring in the collection system, (2) correct those known or 
suspected overflow points and (3) prevent future or possible overflows and any 
resulting bypassing at the treatment facility. 

On the DMR, the permittee must report the number of sanitary sewer overflows, dry
weather overflows and in-plant bypasses separately. Three lines must be used on 
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the DMR form, one for sanitary sewer overflows, one for dry-weather overflows and 
one for in-plant bypasses. 

1.3.5.2 Anticipated Bypass Notification 

If, because of unavoidable maintenance or construction activities, the permittee has 
a need to create an in-plant bypass which would cause an effluent violation, the 
permittee must notify the division as soon as possible (the division requires 10 days 
prior to bypass notification, unless it is not possible e.g., pipe break, in which case, 
as soon as possible notification is warranted). 

1.3.6 Reporting Less Than Detection 

A permit limit may be less than the accepted detection level. If the samples are 
below the detection level, then report "SOL" or "NODI =S" on the DMRs. The 
permittee must use the correct detection levels in all analytical testing required in the 
permit. The required detection levels are listed in the Rules of the Department of 
Environment and Conservation, Division of Water Pollution Control, Chapter 1200-4
3-.05(8). 

For example, if the limit is 0.02 mg/I with a detection level of 0.05 mg/I and detection 
is shown; 0.05 mg/I must be reported. In contrast, if nothing is detected reporting 
"SOL" or "NODI =8" is acceptable. 

1.4 COMPLIANCE WITH SECTION 208 

The limits and conditions in this permit shall require compliance with an area-wide 
waste treatment plan (208 Water Quality Management Plan) where such approved 
plan is applicable. 

1.5 REOPENER CLAUSE 

This permit shall be modified, or alternatively revoked and reissued, to comply with 
any applicable effluent standard or limitation issued or approved under Sections 
301 (b)(2)(C) and (D), 307(a)(2) and 405(d)(2)(D) of the Clean Water Act, as 
amended, if the effluent standard, limitation or sludge disposal requirement so 
issued or approved: 

a.	 Contains different conditions or is otherwise more stringent than any condition in 
the permit; or 

b.	 Controls any pollutant or disposal method not addressed in the permit. 

The permit as modified or reissued under this paragraph shall also contain any other 
requirements of the Act then applicable. 

The division may modify this permit to incorporate appropriate changes based on 
Outfall 001 treated effluent ammonia-nitrogen, chlorinated byproducts, total residual 
chlorine, total residual oxidants (TRO), acute biomonitoring results and color 
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investigation results. The permit may also be reopened if the total mercury results 
appear much lower than expected in comparison with the methyl mercury grab data. 
If so, the division may require the permittee to determine the total mercury based on 
grab samples. The permittee must submit to the division its influent/effluent flow 
report, including recommendations within 6 months from the new permit's effective 
date, upon which the division may reopen the permit for modification. Pursuant to 
the permittee's request/justification the division may modify the permit if appropriate 
to limit the TRO to halogenated oxidants only. 

All permit modifications shall be subject to applicable public participation 
requi rements. 

GENERAL PERMIT REQUIREMENTS 

2.1 GENERAL PROVISIONS 

2.1.1 Duty to Reapply 

Permittee is not authorized to discharge after the expiration date of this permit. In 
order to receive authorization to discharge beyond the expiration date, the permittee 
shall submit such information and forms as are required to the Director of Water 
Pollution Control (the "director") no later than 180 days prior to the expiration date. 
Such forms shall be properly signed and certified. 

2.1.2 Right of Entry 

The permittee shall allow the director, the Regional Administrator of the U.S. 
Environmental Protection Agency, or their authorized representatives, upon the 
presentation of credentials: 

a.	 To enter upon the permittee's premises where an effluent source is located or 
where records are required to be kept under the terms and conditions of this 
permit, and at reasonable times to copy these records; 

b.	 To inspect at reasonable times any monitoring equipment or method or any 
collection, treatment, pollution management, or discharge facilities required 
under this permit; and 

c.	 To sample at reasonable times any discharge of pollutants. 

2.1.3 Availability of Reports 

Except for data determined to be confidential under Section 308 of the Federal 
Water Pollution Control Act, as amended, all reports prepared in accordance with 
the terms of this permit shall be available for public inspection at the offices of the 
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Division of Water Pollution Control. As required by the Federal Act, effluent data 
shall not be considered confidential. 

2.1.4 Proper Operation and Maintenance 

a.	 The permittee shall at all times properly operate and maintain all facilities and 
systems (and related appurtenances) for collection and treatment which are 
installed or used by the permittee to achieve compliance with the terms and 
conditions of this permit. Proper operation and maintenance also includes 
adequate laboratory and process controls and appropriate quality assurance 
procedures. This provision requires the operation of backup or auxiliary facilities 
or similar systems, which are installed by a permittee only when the operation is 
necessary to achieve compliance with the conditions of the permit. Backup 
continuous pH and flow monitoring equipment are not required. 

b.	 Dilution water shall not be added to comply with effluent requirements to achieve 
BCT, BPT, BAT and or other technology based effluent limitations such as those 
in State of Tennessee Rule 1200-4-5-.09. 

2.1.5 Treatment Facility Failure (Industrial Sources) 

The permittee, in order to maintain compliance with this permit, shall control 
production, all discharges, or both, upon reduction, loss, or failure of the treatment 
facility, until the facility is restored or an alternative method of treatment is provided. 
This requirement applies in such situations as the reduction, loss, or failure of the 
primary source of power. 

2.1.6 Property Rights 

The issuance of this permit does not convey any property rights in either real or 
personal property, or any exclusive privileges, nor does it authorize any injury to 
private property or any invasion of personal rights, nor any infringement of federal, 
state, or local laws or regulations. 

2.1.7 Severability 

The provisions of this permit are severable. If any provision of this permit due to any 
circumstance, is held invalid, then the application of such provision to other 
circumstances and to the remainder of this permit shall not be affected thereby. 

2.1.8 Other Information 

If the permittee becomes aware of failure to submit any relevant facts in a permit 
application, or of submission of incorrect information in a permit application or in any 
report to the director, then the permittee shall promptly submit such facts or 
information. 
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2.2 CHANGES AFFECTING THE PERMIT 

2.2.1 Planned Changes 

The permittee shall give notice to the director as soon as possible of any planned 
physical alterations or additions to the permitted facility. Notice is required only 
when: 

a.	 The alteration or addition to a permitted facility may meet one of the criteria for 
determining whether a facility is a new source in 40 CFR 122.29(b); or 

b.	 The alteration or addition could significantly change the nature or increase the 
quantity of pollutants discharged. This notification applies to pollutants, which are 
subject neither to effluent limitations in the permit, nor to notification 
requirements under 40 CFR 122.42(a)(1). 

2.2.2 Permit Modification, Revocation, or Termination 

a.	 This permit may be modified, revoked and reissued, or terminated for cause as 
described in 40 CFR 122.62 and 122.64, Federal Register, Volume 49, No. 188 
(Wednesday, September 26, 1984), as amended. 

b.	 The permittee shall furnish to the director, within a reasonable time, any 
information which the director may request to determine whether cause exists for 
modifying, revoking and reissuing, or terminating this permit, or to determine 
compliance with this permit. The permittee shall also furnish to the director, upon 
request, copies of records required to be kept by this permit. 

c.	 If any applicable effluent standard or prohibition (including any schedule of 
compliance specified in such effluent standard or prohibition) is established for 
any toxic pollutant under Section 307(a) of the Federal Water Pollution Control 
Act, as amended, the director shall modify or revoke and reissue the permit to 
conform to the prohibition or to the effluent standard, providing that the effluent 
standard is more stringent than the limitation in the permit on the toxic pollutant. 
The permittee shall comply with these effluent standards or prohibitions within 
the time provided in the regulations that establish these standards or 
prohibitions, even if the permit has not yet been modified or revoked and 
reissued to incorporate the requirement. 

d.	 The filing of a request by the permittee for a modification, revocation, 
reissuance, termination, or notification of planned changes or anticipated 
noncompliance does not halt any permit condition. 

2.2.3 Change of Ownership 

This permit may be transferred to another party (provided there are neither 
modifications to the facility or its operations, nor any other changes which might 
affect the permit limits and conditions contained in the permit) by the permittee if: 
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a.	 The permittee notifies the director of the proposed transfer at least 30 days in 
advance of the proposed transfer date; 

b.	 The notice includes a written agreement between the existing and new 
permittees containing a specified date for transfer of permit responsibility, 
coverage, and liability between them; and 

c.	 The director, within 30 days, does not notify the current permittee and the new 
permittee of his intent to modify, revoke or reissue, or terminate the permit and 
to require that a new application be filed rather than agreeing to the transfer of 
the permit. 

Pursuant to the requirements of 40 CFR 122.61, concerning transfer of ownership, 
the permittee must provide the following information to the division in their formal 
notice of intent to transfer ownership: 1) the NPDES permit number of the subject 
permit; 2) the effective date of the proposed transfer; 3) the name and address of 
the transferor; 4) the name and address of the transferee; 5) the names of the 
responsible parties for both the transferor and transferee; 6) a statement that the 
transferee assumes responsibility for the subject NPDES permit; 7) a statement that 
the transferor relinquishes responsibility for the subject NPDES permit; 8) the 
signatures of the responsible parties for both the transferor and transferee pursuant 
to the requirements of 40 CFR 122.22(a), "Signatories to permit applications"; and, 
9) a statement regarding any proposed modifications to the facility, its operations, or 
any other changes which might affect the permit limits and conditions contained in 
the permit. 

2.2.4 Change of Mailing Address 

The permittee shall promptly provide to the director written notice of any change of 
mailing address. In the absence of such notice the original address of the permittee 
will be assumed to be correct. 

2.3 NONCOMPLIANCE 

2.3.1 Effect of Noncompliance 

All discharges shall be consistent with the terms and conditions of this permit. Any 
permit noncompliance constitutes a violation of applicable state and federal laws and 
is grounds for enforcement action, permit termination, permit modification, or denial 
of permit reissuance. 

2.3.2 Reporting of Noncompliance 

a.	 24-Hour Reporting 

In the case of any noncompliance which could cause a threat to public drinking 
water supplies, or any other discharge which could constitute a threat to human 
health or the environment, the required notice of non-compliance shall be 
provided to the Division of Water Pollution Control in the appropriate 
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Environmental Field Office within 24-hours from the time the permittee becomes 
aware of the circumstances. (The Environmental Field Office should be 
contacted for names and phone numbers of environmental response team). 

A written submission must be provided within five days of the time the permittee 
becomes aware of the circumstances unless the director on a case-by-case 
basis waives this requirement. The permittee shall provide the director with the 
following information: 

i.	 A description' of the discharge and cause of noncompliance; 

ii.	 The period of noncompliance, inclUding exact dates and times or, if not 
corrected, the anticipated time the noncompliance is expected to continue; 
and 

iii.	 The steps being taken to reduce, eliminate, and prevent recurrence of the 
noncomplying discharge. 

b.	 Scheduled Reporting 

For instances of noncompliance which are not reported under subparagraph 
2.3.2.a above, the permittee shall report the noncompliance on the Discharge 
Monitoring Report. The report shall contain all information concerning the steps 
taken, or planned, to reduce, eliminate, and prevent recurrence of the violation 
and the anticipated time the violation is expected to continue. 

2.3.3 Overflow 

a.	 "Overflow" means any discharge of sewage from any portion of the collection, 
transmission, or treatment system other than through permitted outfalls. 

b.	 Overflows are prohibited. 

c.	 The permittee shall operate the collection system so as to avoid overflows. No 
new or additional flows shall be added upstream of any point in the collection 
system, which experiences chronic overflows (greater than 5 events per year) or 
would otherwise overload any portion of the system. 

d.	 Unless there is specific enforcement action to the contrary, the permittee is 
relieved of the requirement from paragraph c. above after: 1) an authorized 
representative of the Commissioner of the Department of Environment and 
Conservation has approved an engineering report and construction plans and 
specifications prepared in accordance with accepted engineering practices for 
correction of the problem; 2) the correction work is underway; and 3) the 
cumulative, peak-design, flows potentially added from new connections and line 
extensions upstream of any chronic overflow point are less than or proportional 
to the amount of inflow and infiltration removal documented upstream of that 
point. The inflow and infiltration reduction must be measured by the permittee 
using practices that are customary in the environmental engineering field and 
reported in an attachment to a Monthly Operating Report submitted to the local 
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TDEC Environmental Field Office. The data measurement period shall be 
sufficient to account for seasonal rainfall patterns and seasonal groundwater 
table elevations. 

e.	 In the event that more than 5 overflows have occurred from a single point in the 
collection system for reasons that may not warrant the self-imposed moratorium 
or completion of the actions identified in this paragraph, the permittee may 
request a meeting with the Division of Water Pollution Control EFO staff to 
petition for a waiver based on mitigating evidence. 

2.3.4 Upset 

a.	 "Upsef' means an exceptional incident in which there is unintentional and 
temporary noncompliance with technology-based effiuent limitations because of 
factors beyond the reasonable control of the permittee. An upset does not 
include noncompliance to the extent caused by operational error, improperly 
designed treatment facilities, inadequate treatment facilities, lack of preventive 
maintenance, or careless or improper operation. 

b.	 An upset shall constitute an affirmative defense to an action brought for 
noncompliance with such technology-based permit effluent limitations if the 
permittee demonstrates, through properly signed, contemporaneous operating 
logs, or other relevant evidence that: 

i.	 An upset occurred and that the permittee can identify the cause(s) of the 
upset; 

ii.	 The permitted facility was at the time being operated in a prudent and 
workman-like manner and in compliance with proper operation and 
maintenance procedures; 

iii.	 The permittee submitted information required under "Reporting of 
Noncompliance" within 24-hours of becoming aware of the upset (if this 
information is provided orally, a written submission must be provided within 
five days); and 

iv.	 The permittee complied with any remedial measures required under 
"Adverse Impact." 

2.3.5 Adverse Impact 

The permittee shall take all reasonable steps to minimize any adverse impact to the 
waters of Tennessee resulting from noncompliance with this permit, including such 
accelerated or additional monitoring as necessary to determine the nature and 
impact of the noncomplying discharge. It shall not be a defense for the permittee in 
an enforcement action that it would have been necessary to halt or reduce the 
permitted actiVity in order to maintain compliance with the conditions of this permit. 
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2.3.6 Bypass 

a.	 "Bypass" is the intentional diversion of wastewater away from any portion of a 
treatment facility. "Severe property damage" means substantial physical damage 
to property, damage to the treatment facilities which would cause them to 
become inoperable, or substantial and permanent loss of natural resources 
which can reasonably be expected to occur in the absence of a bypass. Severe 
property damage does not mean economic loss caused by delays in production. 

b.	 Bypasses are prohibited and the division may take enforcement action, unless all 
of the following 3 conditions are met: 

i.	 The bypass is unavoidable to prevent loss of life, personal injury, or severe 
property damage; 

ii.	 There are no feasible alternatives to bypass, such as the construction and 
use of auxiliary treatment facilities, retention of untreated wastes, or 
maintenance during normal periods of equipment downtime. This condition is 
not satisfied if adequate back-up equipment should have been installed in the 
exercise of reasonable engineering judgment to prevent a bypass, which 
occurred during normal periods of equipment downtime or preventative 
maintenance; 

iii.	 The permittee submits notice of an unanticipated bypass to the Division of 
Water Pollution Control in the appropriate Environmental Field Office within 
24 hours of becoming aware of the bypass (if this information is provided 
orally, a written submission must be provided within five days). When the 
need for the bypass is foreseeable, prior notification shall be submitted to the 
director, if possible, at least 10 days before the date of the bypass. 

c.	 Bypasses not exceeding permit limitations are allowed only if the bypass is 
necessary for essential maintenance to assure efficient operation. All other 
bypasses are subject to the prohibition in subsection (b) above. Allowable 
bypasses not exceeding limitations are not subject to the reporting requirements 
of 2.3.6.b.iii, above. 

2.3.7 Washout 

a.	 For domestic wastewater plants only, a "washout" shall be defined as loss of 
Mixed Liquor Suspended Solids (MLSS) of 30.00% or more. This refers to the 
MLSS in the aeration basin(s) only. This does not include MLSS decrease due to 
solids wasting to the sludge disposal system. A washout can be caused by 
improper operation or from peak flows due to infiltration and inflow. 

b.	 A washout is prohibited. If a washout occurs the permittee must report the 
incident to the Division of Water Pollution Control in the appropriate 
Environmental Field Office within 24 hours by telephone. A written submission 
must be provided within five days. The washout must be noted on the discharge 
monitoring report. Each day of a washout is a separate violation. 
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2.4 LIABILITIES 

2.4.1 Civil and Criminal Liability 

Except as provided in permit conditions for "Bypassing," "Overflow," and "Upset," 
nothing in this permit shall be construed to relieve the permittee from civil or criminal 
penalties for noncompliance. Notwithstanding this permit, the permittee shall remain 
liable for any damages sustained by the State of Tennessee, including but not 
limited to fish kills and losses of aquatic life and/or wildlife, as a result of the 
discharge of wastewater to any surface or subsurface waters. Additionally, 
notwithstanding this Permit, it shall be the responsibility of the permittee to conduct 
its wastewater treatment and/or discharge activities in a manner such that public or 
private nuisances or health hazards will not be created. 

2.4.2 Liability Under State Law 

Nothing in this permit shall be construed to preclude the institution of any legal 
action or relieve the permittee from any responsibilities, liabilities, or penalties 
established pursuant to any applicable state law or the Federal Water Pollution 
Control Act, as amended. 

3 PERMIT SPECIFIC REQUIREMENTS 

3.1 CERTIFIED OPERATOR 

The waste treatment facilities shall be operated under the supervision of a certified 
wastewater treatment operator and the collection system shall be operated under 
the supervision of a certified collection system operator in accordance with the 
Water Environmental Health Act of 19B4. 

3.2 POTW PRETREATMENT PROGRAM 

As an update of information previously submitted to the division, the permittee will 
undertake the following activity. 

a.	 The permittee has been delegated the primary responsibility and therefore 
becomes the "control authority" for enforcing the 40 CFR 403 General 
Pretreatment Regulations. Where multiple plants are concerned the permittee is 
responsible for the Pretreatment Program for all plants within its jurisdiction. The 
permittee shall implement and enforce the Industrial Pretreatment Program in 
accordance with Section 403(b)(B) of the Clean Water Act, the Federal 
Pretreatment Regulations 40 CFR 403, Tennessee Water Quality Control Act 
Part 63-3-123 through 63-3-12B, and the legal authorities, policies, procedures, 
and financial provisions contained in its approved Pretreatment Program, except 
to the extent this permit imposed stricter requirements. Such implementation 
shall require but not limit the permittee to do the following: 
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i. Carry out inspection, surveillance, and monitoring procedures, which will 
determine, independent of information supplied by the industrial user (IU), 
whether the IU is in compliance with the pretreatment standards; 

ii. Require development, as necessary, of compliance schedules for each IU for 
the installation of control technologies to meet applicable pretreatment 
standards; 

iii. Require all industrial users to comply with all applicable monitoring and 
reporting requirements outlined in the approved pretreatment program and IU 
permit; 

iv. Maintain and update, as necessary, records 
character of industrial user discharges, and 
minimum of three (3) years; 

identifying the nature and 
retain such records for a 

v. Obtain appropriate remedies for noncompliance 
pretreatment standard and/or requirement; 

by an IU with any 

vi. Publish annually, pursuant to 40 CFR 403.8 (f)(2)(viii), a list of industrial 
users that have significantly violated pretreatment requirements and 
standards during the previous twelve-month period. 

vii.	 Maintain an adequate revenue structure for continued operation of the 
pretreatment program. 

viii. Update its Industrial Waste Survey at least once every five years. Results of 
this update shall be submitted to the Division of Water Pollution Control, 
Pretreatment Section within 120 days of the effective date of this permit. 

ix.	 Submit a written technical evaluation of the need to revise local limits within 
120 days of the effective date of this permit to the state pretreatment 
program coordinator. The evaluation should consider the most recent pass
through limits proposed by the division. The technical evaluation shall be 
based on practical and specialized knowledge of the local program and not 
be limited by a specified written format. 

b.	 The permittee shall enforce 40 CFR 403.5, "prohibited discharges". Pollutants 
introduced into the POTW by a non-domestic source shall not cause pass 
through or interference as defined in 40 CFR Part 403.3. These general 
prohibitions and the specific prohibitions in this section apply to all non-domestic 
sources introducing pollutants into the POTW whether the source is subject to 
other National Pretreatment Standards or any state or local pretreatment 
requirements. 
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Specific prohibitions. Under no circumstances shall the permittee allow 
introduction of the following wastes in the waste treatment system: 

i. Pollutants which create a fire or explosion hazard in the POTW; 

ii. Pollutants which will cause corrosive structural damage to the treatment 
works, but in no case discharges with pH less than 5.0 unless the system is 
specifically designed to accept such discharges. 

iii. Solid or viscous pollutants in amounts which will cause obstruction to the flow 
in the treatment system resulting in interference. 

iv. Any pollutant, including oxygen-demanding pollutants (BOD, etc.) released in 
a discharge at a flow rate and/or pollutant concentration which will cause 
interference with the treatment works. 

v.	 Heat in amounts which will inhibit biological activity in the treatment works 
resulting in interference, but in no case heat in such quantities that the 
temperature at the treatment works exceeds 40°C (104°F) unless the works 
are designed to accommodate such heat. 

vi.	 Any priority pollutant in amounts that will cause interference with the 
treatment works slUdge processes, use or disposal. 

vii.	 Petroleum oil, nonbiodegradable cutting oil, or products of mineral oil origin in 
amounts that will cause interference or pass through; 

viii. Pollutants which result in the presence of toxic gases, vapors or fumes within 
the POTW in a quantity that may cause worker health and safety problems; 

ix.	 Any trucked or hauled pollutants except at discharge points designated by 
the POTW. 

c.	 The permittee shall notify the Tennessee Division of Water Pollution Control of 
any of the following changes in user discharge to the system no later than 30 
days prior to change of discharge: 

i.	 New introductions into such works of pollutants from any source which would 
be a new source as defined in Section 306 of the Act if such source were 
discharging pollutants. 

ii.	 New introductions of pollutants into such works from a source which would 
be subject to Section 301 of the "Federal Water Quality Act as Amended" if it 
were discharging such pollutants. 

iii.	 A substantial change in volume or character of pollutants 'being introduced 
into such works by a source already discharging pollutants into such works at 
the time the permit is issued. 
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This notice will include information on the quantity and quality of the wastewater 
introduced by the new source into the publicly owned treatment works, and on 
any anticipated impact on the effluent discharged from such works. 11 this 
discharge necessitates a revision of the current NPDES permit or pass-through 
guidelines, discharge by this source is prohibited until the Tennessee Division of 
Water Pollution Control gives final authorization. 

d. Reporting Requirements 

The permittee shall provide an annual report briefly describing the permittee's 
pretreatment program activities over the previous calendar year. The report shall 
be submitted to the Division of Water Pollution Control, Central Office and a copy 
to the appropriate Environmental Field Office no later than the 50 days after the 
end of the reporting period. For control authorities with multiple STPs, one report 
should be submitted with a separate Form 1 for each STP. Each report shall 
conform to the format set forth in the state's POTW Pretreatment Semiannual 
Report Package which contains information regarding (note that the permittee is 
required to complete and submit an "Annual" rather than a "Semiannual" report): 

i. An updated listing of the permittee's industrial users (including information 
required pursuant to 403.12(i)(1) (e.g., deletions and additions, categorical 
standards applied, local standards more stringent than categorical standards, 
and standards applied to each industrial user). 

ii. Results of sampling of the influent and effluent of the wastewater treatment 
plant. At least semiannually during each calendar year, the permittee shall 
analyze the wastewater treatment plant influent and effluent for the following 
pollutants, using the prescribed sampling procedures: 

Pollutant Sample Type 

chromium, trivalent 24-hour composite 
chromium, hexavalent 24-hour composite 
copper 24-hour composite 
lead 24-hour composite 
nickel 24-hour composite 
zinc 24-hour composite 
cadmium 24-hour composite 
mercury 24-hour composite 
silver 24-hour composite 
total phenols grab 
cvanide arab 

If any particular pollutant is analyzed more frequently than is required, the 
permittee shall report the maximum and average values on the semiannual 
report. All upsets, interferences, and pass-through violations must also be 
reported on the annual report, the actions that were taken to determine the 
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causes of the incidents and the steps that have been taken to prevent the 
incidents from recurring. 

At least once during the term of the permit, the permittee shall analyze the 
effluent from the STP (and report the results in the corresponding annual report) 
for the following pollutants: 

chromium, total silver phthalates, sum of the following: 
bis (2-ethylhexyl) phthalate 
butyl benzylphthalate 
di-n-butylphthalate 
diethyl phthalate 

copper benzene 
lead carbon tetrachloride 
nickei chloroform 
zinc ethylbenzene 
cadmium methylene chloride tetrachloroethylene 
mercurv naohthalene toluene 
phenols, total 1,1,1 trichloroethane trichloroethylene 
cyanide 1,2 trans-dichloroethvlene chromium, hexavalent 

chromium, trivalent 

iii.	 Compliance with categorical and local standards, and review of industrial 
compliance, which includes a summary of the compliance status for all 
permitted industries. Also included is information on the number and type of 
major violations of pretreatment regulations, and the actions taken by the 
POTW to obtain compliance. The effluent from all significant industrial users 
must be analyzed for the appropriate pollutants at least once per reporting 
period. 

iv.	 A list of industries in significant non-compliance as published in local 
newspapers in accordance with the requirements set forth in 40 CFR 
403.8(f)(2)(viii). 

v.	 A description of all substantive changes made to the permittee's 
pretreatment program. Any such changes shall receive prior approval. 
Substantive changes include, but are not limited to, any change in any 
ordinance, major modification in the program's administrative structure, local 
limits, or a change in the method of funding the program. 

vi.	 Summary of permittee's industrial user inspections, which includes 
information on the number and type of industry inspected. All significant 
industrial users must be inspected at least once per year. 

SLUDGE MANAGEMENT PRACTICES 

a.	 The permittee must comply with 40 CFR 503 et ~Sludge shall be sampled 
and analyzed at a frequency dependant both on the amount of sludge generated 
annually and on the disposal practice utilized. Whenever sampling and analysis 
are required by 40 CFR 503, the permittee shall report to the division the 
quantitative data for the following parameters: 

3.3 
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1) Arsenic 7) Nickel 
2) Cadmium 8) Selenium 
3\ CODDer 9) Zinc 
4) Lead 10) Nitrite Dlus Nitrate, N02 , + N03 as N 
5) Mercurv 11 ) Total Kieldahl Nitroaen, as N 
6) Molybdenum 12) Ammonia, NH3 , as N 

This sludge analysis must be submitted by February 19th of each calendar year. 
This information shall be submitted to the Division of Water Pollution Control, 
Central Office, 401 Church Street, 6th Floor Annex, Nashville TN 37243-1534, 
Attention: Sludge Coordinator, Municipal Facilities Section. 

b.	 Land application of sludge shall halt immediately if any of the following 
concentrations are exceeded: 

POLLUTANT CONCENTRATION 
(mQ/kQ') 

Arsenic 75 
Cadmium 85 
Zinc 7500 
CODDer 4300 
Lead 840 

POLLUTANT CONCENTRATION 
(mQ/kQ ') 

Mercurv 57 
Molvbdenum 75 
Nickel 420 
Selenium 100 

1 - Dry Weight Basis 

Monthly average pollutant concentrations shall not exceed Table 3 of 40 CFR 
§503.13. If they are exceeded cumulative pollutant loading rates are to be 
calculated and recorded and shall not exceed Table 2 of 40 CFR §503.13 for the 
life of the land application site. 

c.	 If land application is the final disposition of the wasted sludge, the permittee shall 
provide pathogen reduction, sludge stabilization and comply with land and crop 
usage controls as listed in 40 CFR Part 503, as authorized by the Clean Water 
Act. Records must be maintained by the permittee that indicate compliance or 
non-compliance with this rule. If the permittee is required to report to EPA, 
copies of all reports should be sent to the division, at the address listed in 
paragraph 1 of this section. 

d.	 Before land applying municipal sludge the permittee must obtain approvais for 
each site(s) in writing from the division using the latest revision of Guidelines for 
Land Application or Surface Disposal of Biosolids, unless the sludge being land 
applied meets the pollutant concentrations of 40 CFR 503.13(b)(3), the Class A 
pathogen reqUirements in 40 CFR 503.32(a), and one of the vector attraction 
reduction requirements in 40 CFR 503.33 (b)(1) through (b)(8). 

e.	 Reopener: If an applicable "acceptable management practice" or numerical 
limitation for pollutants in sewage sludge promulgated under Section 405(d)(2) of 
the Clean Water Act, as amended by the Water Quality Act of 1987, is more 
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stringent than the sludge pollutant limit or acceptable management practice in 
this permit, or controls a pollutant not limited in this permit, this permit shall be 
promptly modified or revoked and reissued to conform to the requirements 
promulgated under Section 405(d)(2). The permittee shall comply with the 
limitations by no later than the compliance deadline specified in the applicable 
regulations as required by Section 405(d)(2) of the Clean Water Act. 

f.	 Notice of change in sludge disposal practice: The permittee shall give prior 
notice to the director of any change planned in the permittee's sludge disposal 
practice. If land application activities are suspended permanently and sludge 
disposal moves to a municipal solid waste landfill, the permittee shall contact the 
local Division of Solid Waste Management office address for other permitting 
and approvals (see table below): 

Division of Solid Waste Mana ement 
Office Location ZiDCode Phone No. 

(423) 634-5745 Chattanooaa 540 McCallie Avenue. Suite 550 37402-2013 
Jackson 1625 Hollvwood Drive 38305 (731) 512-1300 
Cookeville 1221 South Willow Avenue 38506 (931) 432-4015 
Columbia 2484 Park Plus Drive 38401 (931) 380-3371 
Johnson Citv 2305 Silverdale Road 37601 423 854-5400 
Knoxville 2700 Middlebrook Pike, Suite 220 37921 865 594-6035 
Memphis 8383 Wolf Lake Drive, Bartlett 38133 901 368-7939 
Nashville 711 R.S. Gass Boulevard 37243-1550 (615) 687-7000 

3.4 BIOMONITORING REQUIREMENTS 

Pursuant to the Outfall 001 treated effluent monitoring presented in this permit, 
Section 1.1, the permittee shall complete 48-hour LC,o (acute toxicity testing 
annually) per to the requirements shown below within 120 days from the permit's 
effective date. Additionally, the permittee shall provide the division its permit renewal 
application at least four IC2, (chronic toxicity biomonitoring) scans using the dilution 
presented in this section. (Based on the permittee's written request and with prior 
division written approval, Mississippi River dilution water may be used for the acute 
and chronic whole effluent toxicity testing.) 

3.4.1 48-Hour Les• Acute Biomonitoring Requirements 

The permittee shall conduct a 48-hour static acute toxicity test on two test species 
on samples of final effluent from Outfall 001 within 120 days from the permit's 
effective date. The test species to be used are Water Fleas (Ceriodaphnia dubia) 
and Fathead Minnows (Pimephales promelas). The measured endpoint for toxicity 
will be the concentration causing 50% lethality (LC,o) of the test organisms. The LCso 
shall be determined based on 50% lethality as compared to the controls, and as 
derived from linear interpolation. 

Tests shall be conducted and results reported based on appropriate replicates of a 
total of five serial dilutions and a control, using the percent effluent dilutions as 
presented in the following table: 
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Treated Effluent Serial Dilutions for Acute
 
Whole Effluent Toxicitv (WEn Testing
 

% Effluent
 
I 50 I 25 I 12.5 I 6.25 I 0 

The dilution/control water used will be hard water as described in Methods for 
Measuring the Acute Toxicity of Effluents to Freshwater and Marine Organisms, 
EPA-821-R-02-012 (or the most current edition). An acute standard reference 
toxicant quality assurance test shall be conducted with each species used in the 
toxicity tests and the results submitted with the discharge monitoring report. 
Additionally, the analysis of this multi-concentration test shall include review of the 
concentration-response relationship to ensure that calculated test results are 
interpreted appropriately. 

All tests shall be conducted using four separate grab samples of final effluent, to be 
used in four separate tests, and shall be collected at evenly spaced (6-hour) 
intervals over a 24-hour period. The minimum 48-hr LCso value (maximum acute 
toxicity) for the four separate tests shall be reported (for each species). 

The test control (i.e., dilution water only) results will be considered a failure and its 
results invalid, if more than 10% of the test organisms die in 48 hours, and the test 
shall be repeated within two (2) weeks. Furthermore, if the results do not meet the 
acceptability criteria in Methods for Measuring the Acute Toxicity of Effluents to 
Freshwater and Marine Organisms, EPA-821-R-02-012 (or the most current edition), 
if the required concentration-response review fails to yield a valid relationship per 
guidance contained in Method Guidance and Recommendations for Whole Effluent 
Toxicity (WET) Testing, EPA-821-B-00-004 (or the most current edition), that test 
shall be repeated within 2 weeks. Any test initiated, but terminated before 
completion must also be reported along with a complete explanation for the 
termination. 

In the event of a test control failure, the permittee must start a follow-up test within 2 
weeks and submit results from a follow-up test within 30 days from obtaining initial 
WET testing results. The follow-up test must be conducted using the same serial 
dilutions as presented above. The follow-up test will not negate an initial failed test. 

Test procedures, quality assurance practices and determination of effluent lethality 
values will be made in accordance with Methods for Measuring the Acute Toxicity of 
Effluents to Freshwater and Marine Organisms, EPA-821-R-02-012, or the most 
current edition. 

Results of all tests, reference toxicant information, copies of raw data sheets, 
statistical analysis and chemical analysis shall be compiled in a report. The report 
shall be written in accordance with Methods for Measuring the Acute Toxicity of 
Effluents to Freshwater and Marine Organisms, EPA-821-R-02-012, or the most 
current edition. 

Two copies of 48-hour LCso biomonitoring reports (including follow-up reports) shall 
be submitted to the division. One copy of the report shall be submitted along with the 
discharge monitoring report (DMR). The second copy shall be submitted to the local 
Division of Water Pollution Control office address: 
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TENNESSEE DEPT. OF ENVIRONMENT & CONSERVATION
 
DIVISION OF WATER POLLUTION CONTROL
 
MEMPHIS ENVIRONMENTAL FIELD OFFICE
 

8383 WOLF LAKE DRIVE
 
BARTLETT TN 38133
 

3.4.2 Chronic Biomonitoring Requirements (For Permit Renewal Application) 

For its permit renewal application, the permittee shall conduct four separate IC25 

tests. Each test must be based on the 3-Brood Water Fleas (Ceriodaphnia dubia) 
survival and reproduction test) and the 7-Day Fathead Minnows (PimephaJes 
promeJas) larval survival and growth test using Outfall 001 final effluent samples. 

The measured endpoint for toxicity will be the inhibition concentration causing 25% 
reduction in survival, reproduction and growth (IC25) of the test organisms. The IC25 

shall be determined based on a 25% reduction as compared to the controls, and as 
derived from linear interpolation. The average reproduction and growth responses 
will be determined based on the number of Ceriodaphnia dubia or Pimephales 
promeJas larvae used to initiate the test. 

Test shall be conducted and its results reported based on appropriate replicates of a 
total of five serial dilutions and a control, using the percent effluent dilutions as 
presented in the following table: 

100 

Treated Effluent Serial Dilutions for Chronic
 
Whole Effluent Toxicity (WET) Testing
 

% Effluent
 
I 50 I 25 I 12.5 I 6.25 I 0 

The dilution/control water used will be hard water as described in Short-Term 
Methods for Estimating the Chronic Toxicity of Effluents and Receiving Water to 
Freshwater Organisms, EPA-821-R-02-013 (or the most current edition). A chronic 
standard reference toxicant quality assurance test shall be conducted with each 
species used in the tOXicity tests and the results submitted with the discharge 
monitoring report. Additionally, the analysis of this multi-concentration test shall 
include review of the concentration-response relationship to ensure that calculated 
test results are interpreted appropriately. 

All tests will be conducted using a minimum of three 24-hour flow-proportionate 
composite samples of final effluent collected on days 1, 3 and 5. If, in any control 
more than 20% of the test organisms die in 7 days, the test (with 100% dilution 
water) is considered a test control failure and invalid, and the test shall be repeated 
within two (2) weeks. Furthermore, if the results do not meet the acceptability criteria 
in Short-Term Methods for Estimating the Chronic Toxicity of Effluents and 
Receiving Water to Freshwater Organisms, EPA-821-R-02-013 (or the most current 
edition), or if the required concentration-response review fails to yield a valid 
relationship per guidance contained in Method Guidance and Recommendations for 
Whole Effluent Toxicity (WET) Testing, EPA-821-B-00-004 (or the most current 
edition), that test shall be repeated, within 2 weeks. Any test initiated but terminated 
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before completion must also be reported along with a complete explanation for the 
termination. 

In the event of a test control failure, the permittee shall start a follow-up test within 2 
weeks and submit results from a follow-up test within 30 days from obtaining initial 
WET testing results. The follow-up test must be conducted using the same serial 
dilutions as presented in the corresponding table above. The follow-up test will not 
negate an initial failed test. 

Test procedures, quality assurance practices, determinations of effluent 
survival/reproduction and survival/growth values, and report formats will be made in 
accordance with Short-Term Methods for Estimating the Chronic Toxicity of Effluents 
and Receiving Water to Freshwater Organisms, EPA-821-R-02-013, or the most 
current edition. 

Results of all tests, reference toxicant information, copies of raw data sheets, 
statistical analysis and chemical analyses shall be compiled in a report. The report 
will be written in accordance with Short-Term Methods for Estimating the Chronic 
Toxicity of Effluents and Receiving Water to Freshwater Organisms, EPA-821-R-02
013, or the most current edition. 

Three copies of the IC25 biomonitoring reports (including follow-up reports) shall be 
submitted to the division, included with the permittee's permit renewal application. 

3.5	 VISUAL OUTFALL OBSERVATIONS 

On a daily basis, when safety considerations reasonably permit a person to stand of 
top of the outfall structure, an observation shall be made and noted in an operations 
log, which would be maintained on site. The operations log should allow the operator 
to check the following boxes: 

• Unsafe to make observation (yes/no) 

Only if the answer to the above question is no, answer the following: 

• Floatables present (yes/no) 
• Scum present (yes/no) 
• Foam present (yes/no) 
• Oily slick present (yes/no) 

3.6	 OUTFALL 001 TREATED EFFLUENT E. COLI COMPLIANCE WORK TASKS, 
MILESTONES AND SCHEDULE 

The following schedule provides the treated effluent E.coli disinfection work tasks, 
milestones and schedule: 
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Disinfection Compliance Schedule 

Work Task Milestone (a) 1SubmittaL! 

iOmpletiOn (tJ 
Task 

Duration (c 
(Months) 

Division 
Review 

I (Months 

Total (e) 

Per Ta:~I(~eral1 
I'Months Months 

1. DeveloD disinfection investioation work Dlan 
Disinfection Work Plan 

1 
1 No.1 2 0.5 2.5 

1 
2.51 

12. Conduct disinfection inVeali!=lation non-ehlorination based 1 
Disinfection ReDort if chlorination ro\ selected) I 

I 
No.2A /d)1 6 05 6.5 

1 
91 

3. Conduct chlorination disinfection Investlaation 
Chlorination Disinfection Re art 

1 
1 No. 28 

1 
d)l 6 0.5 65 

1 
15.51 

4. DevelOD Disinfection ReDort 
1 Disinfection Reoort if chlorination selected) 

1 
1 

1 
No. 2C (dll 

1 
3 0.5 3.5 

1 
191 

15. Deslon Disinfection System 

1 Disinfection Svslem Plans am S ecs 
1 

No.3 12 0.5 12.5 
I 

31.5 

16. DevelOD Bid DocumentsIBid 
1 Biddioo 

1 
1 

1 
No.41 4 0.5 4.5 36 

17. Disinfection System Facilities Construction 1 1 
1 Construc~on No.6 18 0.5 18.5 54.5 

18. Disinfection System Startuo/Achieve Permit Limits 
FlSlctional Disinfection S stem 

Total 
No.7 3 

54 
0.5 

4 
3.5 
58 

58 

{a} The permillee must pro~de the dlYlslon wollen progless notlficallon W1thlr1 14 days at each milestone and speclflcally address whether pelTTlIl s compliance 

reqUirements were achlel'ed. 

(b) The perTTlIllee shall prOVIde the dl,,"Slon WIth a wntten plOgress s'.atus repon e'Ery 6 months pursuant this disinfection compliance schedule starting 'Mth Ihe 

permit's effeclll'e dale. 

{oj Duration assuming sequential work task processing based on permit's eNecli'E dale. 

(d) As appropnate the Nos 2A, 28 and 2C submillals must address resulls Irom Ihe de~hlonnallon Inl'esllgatlonS, antldegradalion ewluations. and delelTllinations 

as reqUired pursuant to Sec lion 3.5.1. 

As shown in the above schedule, the permittee shall provide the division with a 
disinfection report that includes antidegradation documentation, including 
alternatives analyses, for any newly-formed Outfall 001 contaminants expected to be 
present above a de minimis amount. 

3.6.1 Additional Permittee Submittals (If Chlorination Disinfection System Selected) 

Permittee must provide the division with the types/amounts of specific chlorinated 
byproducts species to be in the Outfall 001 treated effluent and how newly
generated byproducts are related to TRC according to the compliance schedule 
provided in the table above (section 3.6). 

3.7 PLACEMENT OF SIGNS 

Within sixty (60) days of the effective date of this permit, the permittee shall place 
and maintain signs at the Outfall 001 treated effluent discharge point the Mississippi 
River, and any bypass/overflow point in the collection system. For the purposes of 
this requirement, any bypass/overflow point that has discharged five (5) or more 
times in the last year must be so posted. The sign(s) should be clearly visible to the 
public from the bank and the receiving stream. The minimum sign size should be two 
feet by two feet (2' x 2') with one-inch (1 ") letters. The sign should be made of 
durable material and have a white background with black letters. 
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The sign(s) are to provide notice to the public as to the nature of the discharge and, 
in the case of the permitted outfalls, that the discharge is regulated by the 
Tennessee Department of Environment and Conservation, Division of Water 
Pollution Control. 

NPDES Permitted CSO or Unpermitted Bypass/Overflow Point: 

UNTREATED SANITARY SEWER OVERFLOW WASTEWATER 
DISCHARGE POINT 
Memphis - Maynard C. Stiles STP 
(901) 576-4300 
NPDES Permit NO. TN0020711 
TENNESSEE DIVISION OF WATER POLLUTION CONTROL 
1-888-891-8332 ENVIRONMENTAL FIELD OFFICE - Memphis 

NPDES Permitted MunicipallSanitary Outfall 001: 

OUTFALL 001 DISCHARGE IS NON-DISINFECTED TREATED 
INDUSTRIAl/MUNICIPAL WASTEWATER WITH ELEVATED E. coli 

Memphis - Maynard C. Stiles STP 
(901) 576-4300 
NPDES Permit NO. TN0020711 
TENNESSEE DIVISION OF WATER POLLUTION CONTROL 
1-888-891-8332 ENVIRONMENTAL FIELD OFFICE - Memphis 

The above example Outfall 001 signs must be supplemented with signs that also 
include a warning for recreational users regarding the potential human health 
hazards associated with the non-disinfected treated wastewater with potentially 
elevated E. coli concentration. The permittee shall coordinate directly with the 
Memphis Environmental Field Office to define the actual number and locations for 
these signs. When the permittee has installed/operated the Outfall 001 treated 
effluent disinfection system and achieves the E. coli limits specified in Section 1.1, 
the hazard signage may be revised/removed as appropriate with the division's Water 
Pollution Control (WPC) prior approval. 

No later than sixty (60) days from the permit's effective date, the permittee shall 
have the above sign(s) on display at locations specified by the division's WPC 
Memphis Environmental Field Office. 

WASTEWATER TREATMENT FACILITIES INTEGRITY EVALUATION 

Within eighteen months from the permit's effective date the permittee shall submit to 
TDEC's Nashville Central and Environmental Field Offices (Division of Solid Waste 
Management and Division of Water Pollution Control - Permit Section) a report 
which addresses the structural integrity of any earthen basins associated with its 
wastewater treatment facilities including any waterborne wastes and sludge 
storage/disposal units that are constructed of earthen material. 

3.8 
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The structural integrity evaluation shall be completed by a professional engineer 
licensed in the State of Tennessee, an environmental management professional, or 
other expert who is qualified by education and/or experience to perform and/or 
oversee such evaluations. The report shall document that the permittee has 
evaluated the unit's structural integrity and shall include the permittee's planned 
structural integrity improvements, if warranted. The report shall also address 
measures implemented and planned by the permittee as appropriate to reduce the 
chances that said wastewater treatment facilities/units failure would result in an 
uncontrolled discharge to the receiving stream(s) under normal conditions. 

Structural integrity evaluations of earthen basins and/or surface impoundments 
performed for compliance with other regulatory programs (e.g., Hazardous Waste 
Management under 1200-1-11, Solid Waste Management under 1200-1-7, or the 
Safe Dams Act) satisfy the provisions of this permit requirement. 

ANTIDEGRADATION 

Tennessee's Antidegradation Statement per Rule 1200-4-3-.06 provides for 
protecting existing receiving stream uses and prevents the degradation of high 
quality waters. The rule states that: 

"Where the quality of Tennessee waters is better than the level necessary to 
support propagation of fish, shellfish, and wildlife, and recreation in or on the 
water, that quality will be maintained and protected unless the state finds that, 
after intergovernmental coordination and public participation, that lowering 
water quality is necessary to accommodate important economic or social 
development in the area in which the waters are located." 

Evaluation of compliance with this rule shall be made on an individual parameter 
(pollutant) basis considering such factors as: 

•	 The discharge quantity and/or pollutant loading represents a new condition, 
an expanded condition, or an existing condition; 

•	 The receiving stream has unavailable conditions (is at or exceeds water 
quality criteria), available conditions (quality is better than the water quality 
criteria) or is defined as an Exceptional Tennessee Water or Outstanding 
Natural Resource Water; 

•	 The discharge impact on the assimilative capacity of the receiving stream is 
considered de minimis or not de minimis. 

The Mississippi River is considered an Exceptional Tennessee Water due to the 
presence of the federal endangered Pallid Sturgeon and the state threatened Blue 
Sucker. The M.e. Stiles STP is an existing discharger and this permit renewal 
includes no new or expanded flow quantity or pollutant loadings. Therefore, the 
discharge allowed by this permit is determined not to cause degradation and is not 
subject to alternatives analysis or socio-economic consideration required under the 
antidegradation rule. No future increase in design flow or pollutant loading will be 
allowed without compliance with the above analysis requirements and a 
determination that such increase is consistent with the above antidegradation rule. 
However, if the new end-of-pipe disinfection system will result in newly-formed 
Outfall 001 discharge contaminants above a de minimis amount (e.g., chlorinated 
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byproducts if chlorination disinfection system used) the permittee must provide the 
division with appropriate antidegradation information .. 

DEFINITIONS, ACRONYMS AND ABBREVIATIONS 

DEFINITIONS 

A "bypass" is defined as the intentional diversion of waste streams from any portion 
of a treatment facility. 

A "calendar day" is defined as the 24-hour period from midnight to midnight or any 
other 24-hour period that reasonably approximates the midnight to midnight time 
period. 

A "composite sample" is a combination of not less than 4 influent or effluent 
portions, of at least 100 ml, collected over a 24-hour period. Under certain 
circumstances a lesser time period may be allowed, but in no case, less than 8 
hours. 

The "daily maximum concentration" is a limitation on the average concentration in 
units of mass per volume (e.g. milligrams per liter), of the discharge during any 
calendar day. When a proportional-to-flow composite sampling device is used, the 
daily concentration is the concentration of that 24·hour composite; when other 
sampling means are used, the daily concentration is the arithmetic mean of the 
concentrations of equal volume samples collected during any calendar day or 
sampling period. 

"Degradatiori' means the alteration of the properties of waters by the addition of 
pollutants or removal of habitat. Alterations not resulting in the condition of pollution 
that are of a temporary nature or those alterations having de minimis impact (not 
measurable or less than 5 percent loss of assimilative capacity) will not be 
considered degradation. Degradation will not be considered de minimis if a 
substantial loss (more than 50 percent) of assimilative capacity has already 
occurred. 

"Discharge' or "discharge of a pollutant" refers to the addition of pollutants to waters 
from a source. 

A "dry weather overflow" is a type of sanitary sewer overflow and is defined as one 
day or any portion of a day in which unpermitted discharge of wastewater from the 
collection or treatment system other than through the permitted outfall occurs and is 
not directly related to a rainfall event. Discharges from more than one point within a 
24-hour period shall be counted as separate overflows. 
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An "ecoregiorl' is a relatively homogeneous area defined by similarity of climate, 
landform, soil, potential natural vegetation, hydrology, or other ecologically relevant 
variables. 

The "geometric mean" of any set of values is the nIh root of the product of the 
individual values where "n" is equal to the number of individual values. The 
geometric mean is equivalent to the antilog of the arithmetic mean of the logarithms 
of the individual values. For the purposes of calculating the geometric mean, values 
of zero (0) shall be considered to be one (1). 

A "grab sample" is a single influent or effluent sample collected at a particular time. 

The "instantaneous maximum concentration" is a limitation on the concentration, 
in milligrams per liter, of any pollutant contained in the wastewater discharge 
determined from a grab sample taken from the discharge at any point in time. 

The "instantaneous minimum concentration" is the minimum allowable 
concentration, in milligrams per liter, of a pollutant parameter contained in the 
wastewater discharge determined from a grab sample taken from the discharge at 
any point in time. 

The "monthly average amount', shall be determined by the summation of all the 
measured daily discharges by weight divided by the number of days during the 
calendar month when the measurements were made. 

The "monthly average concentration", other than for E. coli bacteria, is the 
arithmetic mean of all the composite or grab samples collected in a one-calendar 
month period. 

A "one week period' (or "calendar-week") is defined as the period from Sunday 
through Saturday. For reporting purposes, a calendar week that contains a change 
of month shall be considered part of the latter month. 

"Pollutanf' means sewage, industrial wastes, or other wastes. 

A "quartel" is defined as anyone of the following three-month periods: January 1 
through March 31, April 1 through June 30, July 1 through September 30, and/or 
October 1 through December 31. 

A "rainfall event' is defined as any occurrence of rain, preceded by 10 hours 
without precipitation that results in an accumulation of 0.01 inches or more. 
Instances of rainfall occurring within 10 hours of each other will be considered a 
single rainfall event 

A "rationale' (or "fact sheet") is a document that is prepared when drafting a 
NPDES permit or permit action. It provides the technical, regulatory and 
administrative basis for an agency's permit decision, 
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A "reference site' means least impacted waters within an ecoregion that have been 
monitored to establish a baseline to which alterations of other waters can be 
compared. 

A "reference conditiorl' is a parameter-specific set of data from regional reference 
sites that establish the statistical range of values for that particular substance at 
least-impacted streams. 

A "sanitary sewer overflow (SSO)" is defined as an unpermitted discharge of 
wastewater from the collection or treatment system other than through the permitted 
outfall. 

"Sewage' means water-carried waste or discharges from human beings or animals, 
from residences, public or private buildings, or industrial establishments, or boats, 
together with such other wastes and ground, surface, storm, or other water as may 
be present. 

"Severe property damage' when used to consider the allowance of a bypass or 
SSO means substantial physical damage to property, damage to the treatment 
facilities which causes them to become inoperable, or substantial and permanent 
loss of natural resources which can reasonably be expected to occur in the absence 
of a bypass or SSO. Severe property damage does not mean economic loss caused 
by delays in production. 

"Sewerage system' means the conduits, sewers, and all devices and 
appurtenances by means of which sewage and other waste is collected, pumped, 
treated, or disposed. 

For the purposes of this permit, the following designations apply: 
"Winter months", the months of December, January, and February 
"Spring months" the months of March, April, and May 
"Summer months" the months of June, July, and August 
"Fall months" the months of September, October, and November 

A "subecoregiorl' is a smaller, more homogenous area that has been delineated 
within an ecoregion. 

"Upset' means an exceptional incident in which there is unintentional and temporary 
noncompliance with technology-based effluent limitations because of factors beyond 
the reasonable control of the permittee. An upset does not include noncompliance to 
the extent caused by operational error, improperly designed treatment facilities, 
inadequate treatment facilities, lack of preventive maintenance, or careless or 
improper operation. 

The term, "washout' is applicabie to activated sludge plants and is defined as loss 
of mixed liquor suspended solids (MLSS) of 30.00% or more from the aeration 
basin(s). 
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"Waters" means any and all water, public or private, on or beneath the surface of 
the ground, which are contained within, flow through, or border upon Tennessee or 
any portion thereof except those bodies of water confined to and retained within the 
limits of private property in single ownership which do not combine or effect a 
junction with natural surface or underground waters. 

The "weekly average amounf', shall be determined by the summation of all the 
measured daily discharges by weight divided by the number of days during the 
calendar week when the measurements were made. 

The "weekly average concentration", is the arithmetic mean of all the composite 
samples collected in a one-week period. The permittee must report the highest 
weekly average in the one-month period. 

ACRONYMS AND ABBREVIATIONS 

1010 -l-day minimum, 10-year recurrence interval
 
3005 - 30-day minimum, 5-year recurrence interval
 
7010 - 7-day minimum, 10-year recurrence interval
 
BAT - best available technology economically achievable
 
BCT - best conventional pollutant control technology
 
BOL - below detection level
 
BODs - five day biochemical oxygen demand
 
BPT - best practicable control technology currently available
 
CBOOs- five day carbonaceous biochemical oxygen demand
 
CEI - compliance evaluation inspection
 
CFR - code of federal regUlations
 
CFS - cubic feet per second
 
CFU - colony forming units
 
CIU - categorical industrial user
 
CSO - combined sewer overflow
 
OMR - discharge monitoring report
 
D.O. - dissolved oxygen 
E. coli - Escherichia coli 
EFO - environmental field office 
LB (Ib) - pound 
IC2s - inhibition concentration causing 25% reduction in survival, reproduction and 
growth of the test organisms 
IU - industrial user 
IWS - industrial waste survey 
LCso - acute test causing 50% lethality 
MDL - method detection level 
MGD - million gallons per day 
MG/L (mg/I) - milligrams per liter 
ML - minimum level of quantification 
ml - milliliter 
MLSS - mixed liquor suspended solids 
MOR - monthly operating report 
NODI - no discharge 
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NOEC - no observed effect concentration 
NPDES - national pollutant discharge elimination system 
PL - permit limit 
POTW - publicly owned treatment works 
RDL - required detection limit 
SAR - semi-annual [pretreatment program] report 
SIU - significant industrial user 
SSO - sanitary sewer overflow 
STP - sewage treatment plant 
TCA - Tennessee code annotated 
TDEC - Tennessee Department of Environment and Conservation 
TIEfTRE - toxicity identification evaluation/toxicity reduction evaluation 
TMDL - total maximum daily load 
TRC - total residual chlorine 
TSS - total suspended solids 
WQBEL - water quality based effluent limit 
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ADDENDUM TO RATIONALE 

Memphis - Maynard C. Stiles STP
 

NPDES Permit No. TN0020711
 

Permit Writer: Gary Davis
 

This Addendum to Rationale includes the draft permit written comments (provided in the
 
following appendices). To finalize the new permit, the division has abbreviated the comments 
and provided a response presented in bold italics font. This "Addendum to Rationale" provides 
the basis for augmenting the draft permit's "Rationale" and finalizing the new permit. 

Written Comments Appendices: 
AD-A1 - Permittee's AD-A1 
AD-B1 - EPA's AD-B1 
AD-C1 -Tennessee Clean Water Network/Sierra Club AD-C1 
AD-D1 - Buckeye Technologies Inc AD-D1 
AD-E 1 - American Yeast Corporation AD-E1 
AD-F1 - Ms. Mary Wilder AD-F1 

The following section compiles Permittee's Draft Permit Comments Provided in Appendix AD
A 1, Buckeye Technologies Draft Permit Comments as Provided in Appendix AD-D1 (submitted 
by Bass, Berry and Sims), American Yeast Corporation Draft Permit Comments Provided in 
Appendix AD-E1 (as submitted by Nutter) and Ms. Mary Wilder's Draft Permit Comments 
Provided in Appendix AD-F1. 

Permittee's August 15, 2011 cover letter comments and division's responses: 

(i)	 inclusion of a foam, color or other narrative permit requirement should be "void for 
vagueness" - Narrative permit requirements for some parameters are included 
where establishing numeric limits is infeasible. This standard language is 
consistent with federal permitting guidelines and has been shown to be 
protective of receiving stream's designated uses. 

(ii)	 narrative water quality standards should be implemented via numerical effluent 
limitations, or if those are infeasible, through BMPs - a study to prOVide data that 
would establish a relationship between the narrative color requirement and an 
effluent numeric limitation would need to be conducted. Upon completion of 
any such study, the division may modify the permit as necessary. 

(iii) Oct 12, 2009 Memphis' letter confirming agreements pursuant to position regarding 
to prior draft permit(s) - The division will consider all permit comments and 
requests received as a result ofprevious permit drafts. 

p. A-1: A1. Permit Expiration Date shoUld be 5 years from the issuance date - the division 
agrees and the new permit is issued on a 5 year term. 

p. A-2: A2. Section 1.1 - BOD & TSS - monthly and weekly mass limits are not necessary 
the division agrees with the permittee's request; minimum percent removal of 
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BOD and TSS on a monthly average and daily basis will be retained in the final 
permit. 

p.	 A-3: A3. Section 1.1 - E. coli Permit Limits - daily max should not be required since there's 
no bathing beach downstream of discharge - the division considers a daily 
maximum E. coli discharge limit to be appropriate since the relevant water quality 
requirements are for all receiving stream recreational usages. As such, the E. coli 
discharge limits are not subject to the existence of downstream bathing beaches. 

p. A-4: A4. Section 1.1 - Effective Date of E. coli Permit Limits and Monitoring Requirements 
per permit footnote, must comply with limits within 36 months which does not say no 
monitoring required. Memphis wants "During the interim period, there are no E. coli 
limitations nor monitoring requirements." - the division considers its E. coli database 
to be very limited and E. coli monitoring will be required pursuant the new permit. 
E. coli discharge limits will be applicable follOWing the permittee's disinfection 
system installation/startup/stabilization period. The permittee must inform the 
division in writing that it disinfection system is functional and it treated effluent is 
subject to the new permit's E. coli discharge limits. 

p. A-4: AS. Section 1.1 - Total Residual Chlorine or Oxidant Limits - premature to include 
TRC or TRO limits - wants limits removed/reopener for appropriate limit based on 
selected disinfectant & TRC calculated acute & chronic -> not TDEC's std technology
based TRC of 2.0 mg/L. - the division has finalized the permit to provide for its 
reopening for the inclusion of appropriate discharge parameter(s) 
limits/monitoring reqUirements pursuant to the specific disinfection system 
selected. Reopening the permit is subject to the division's applicable public 
participation procedures. 

p. A-6: A6. Section 1.1 - Addition of Benzidine and Hexachlorobenzene Monitoring - no 
basis for including parameters in permit. - the division has finalized the new permit 
to include monitoring reqUirements for Outfall 001 treated effluent benzidine and 
hexachlorobenzene. Benzidine is used in some dyes/pigments 
manufacturing/usage and the permittee has many relevant industrial users, which 
may be discharging benzidine. Hexachlorobenzene can be formed as a byproduct 
during solvents, pesticides and other chemicals manufacturing, and is required to 
be limited pursuant to OSPSF categorical pretreatment standards for toxic 
pollutants. The permittee has many industrial dischargers SUbject to OSPSF 
categorical pretreatment standards. 

p.	 A-7: A7. Addition of Color Monitoring - the permittee requested for color monitoring to be 
removed from the final permit. - the division agrees and color monitoring was 
deleted/replaced via the permit's reopener provision "The division may reopen 
the permit to incorporate color investigation results/recommendations." All 
reopener provisions will be subject to the division's applicable public 
participation requirements. 

p. A-8: A8. Section 1.1- Addition of Visual Outfall Observations - daily observations to include 
"distinctly visible matter and/or objectionable instream color" standard is vague and 
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subjective. Therefore, if not unsafe and if outfall pipe is not underwater, record yes/no 
for presence of floatables, scum, foam, oily slick. - the division agrees with the 
permittee request and the monitoring requirements are described in section 3.5 of 
the final permit. 

p.	 A-9: A9. Section 1.1 - Addition of Effluent Flow Monitoring - current permit influent only, 
effluent monitoring considered unnecessary and extremely difficult/expensive. - the 
current permit does include influent monitoring, however, per its Part I.B.1 the 
current permit also includes the following requirement: "Appropriate flow 
measurement devices and methods consistent with accepted scientific practices 
shall be selected and used to insure the accuracy and reliability of measurements 
of the volume of monitored discharges. The devices shall be installed, calibrated 
and maintained to insure that the accuracy of the measurements are consistent 
with accepted capability of that type of device. Devices selected shall be capable 
of measuring flows with a maximum deviation of less than plus or minus 10% 
from the true discharge rates throughout the range of expected discharge 
volumes." As such, the new permit includes a requirement for the permittee to 
investigate the correlation between the "actual" influent and effluent flow rates. 
The permittee must determine options for actually monitoring effluent flow. The 
division understands that the permittee currently considers its influent flow rate 
to represent its effluent value. The permittee must submit to the division its 
influent/effluent flow report, including recommendations within 6 months from the 
new permit's effective date, upon which the division may reopen the permit for 
modification. The new permit's reopener clause was supplemented with the prior 
sentence to allow the division to make permit modifications if warranted, based 
on the permittee's influent/effluent flow report. 

p.	 A-9: A10. Section 1.1 - TRC Monitoring, p. 3 - would include H20 2 as other oxidants - too 
broad (want when chlorine, bromine or other halogenated oxidants added). - the new 
permit's reopener clause was changed to allow the division to account for the 
permittee's selected disinfection system and make appropriate permit 
adjustments. 

p.	 A-9: A11. Section 1.1 - Narrative standards, p. 3 - color/foam and other visible materials 
related to designated uses and cannot omit qualifying language (e.g., "considering the 
nature and location of the water") - thus, TOEC - incumbent to include numerical color 
limit(s) and if not feasible then BMPs. - the division must apply narrative standard 
consistent with its rules for all permittees. Certainly, equivalent/more stringent 
permitting requirements can be applicable per the specific situation, e.g., to 
provide for warranted water quality improvements. 

p. A-11: A12. Section 1.2.1.a - BODS effluent sampling location p. 5 - permittee wants to be 
able to collect final effluent BODS sample before disinfection for any disinfectant used. 
Section 1.2. 1. (a) of the final permit states: "If chlorination is used for disinfection, 
final effluent BOD5 samples can be collected before disinfection to avoid haVing 
to dechlorinate and seed the samples. If a non-chlorination-based oxidation 
process is used for effluent disinfection, the permittee shall use BOD5 testing 
procedures approved by the division for its treated effluent analyses." 
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p.	 A11: A13. Section 1.2.3.a - mercury and methyl mercury analytical methods - requires non
routine techniques and additional expenses - considers it on-going research. - The 
designated uses of the receiving stream are not fUlly supported due to mercury in 
fish tissue. For that reason, the new permit simply requires annual monitoring of 
mercury and methyl-mercury. 

p.	 A-12: A14. Section 1.2.3.a - PCBs analytical method - low detection method not warranted 
as PCBs not found in 9 years of annual monitoring/not manufactured/used in US for 
decades. - The designated uses of the receiving stream are not fully supported 
due to presence of PCBs in the sediment and is subject to TMDL requirements. A 
more sensitive analytical method is required In order to confirm that facility is not 
contributing PCBs to the receiving stream. 

p.	 A-12: A15. Reporting requirements -Section 1.3.5.1 summary report to 10 number of 
sanitary sewer overflows, dry weather overflows and in-plant bypasses and basement 
backups separately. OMR reporting only provides for sanitary sewer overflows, dry 
weather overflows and in-plant bypasses. "Suspected" instances should be deleted. 
The division agrees to include a "Sewer Backups to Buildings" monitoring 
parameter in the new permit. The "Suspected" permit provision will be retained, 
since the division considers the requirement to be consistent with its other 
permits. The overflow permit language will not be based on a single rain event, as 
proposed by the permittee. 

p.	 A-14: A16 Section 1.5 - Reopener provisions - unclear why TDEC may want to be able to 
reopen permit to make changes to E. coli compliance schedule. - The language 
regarding E. Coli compliance schedule has been removed from the reopener 
provision. 

p.	 A-14: A17. Section 2.1.4 Proper Operation and Maintenance, p. 10 - the "standard" permit 
condition regulation does not address the "collection" system and can't be 
referencedlincluded since this would amount to a change from "standard". - The 
collection system is considered an integral part of the POTW. This language is 
consistent with all other municipal permits and will remain in the final permit. 

p.	 A-14: A18. Section 2.3.2 Reporting of Noncompliance, p. 13 - notification to state with 24 hr 
for "...threat to drinking water supplies, ... threat to human health or the environment" 
permittee wants clarification to note that such notice not required if overflow has been 
addressed within 24 hr. - The permit allows the permittee discretion to determine 
whether or not non-compliance remedied within 24 hours pose a threat to human 
health and environment. 

p.	 A-14: A19. Section 2.3.3 - Overflow, p. 13 - overflow per rule based on "discharge" not 
"release" as in draft permit. Other "releases" not addressed by standard permit 
conditions nor rules. New permit must provide compliance schedule (requesting 20 
years) if no feasible alternative to overflow. State has established a new zero discharge 
technology-based standard for the collection system. - The word "release" was 
replaced with the word "discharge" in the final permit. 
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p.	 A-16: A20. Section 2.3.6.c - Bypasses, p. 16 - "All other bypasses are prohibited" should be 
changed to "All other bypasses are subject to the prohibition in subsection (b) above." 
Which permittee notes say they are only prohibited if they do not meet the subsection 
(b)(i) through (iii) criteria. - The proposed language was included in the final permit. 

p.	 A-16: A21. Section 3.2(a)(ix) - Local Limit Evaluation, p. 18 - division's pass through limits 
have not been established by regulation/should be deleted - no document explaining 
the derivation of such limits and why those are appropriate for municipalities. - The 
language in Section 3.2.(a)(ix) of the final permit was changed to state: "The 
evaluation should consider the most recent pass-through limits proposed by the 
division. " 

p.	 A-16: A22. Section 3.2(b)(vi) - Pretreatment, p. 18 - prohibit the IU discharge of "any priority 
pollutant in amounts that will contaminate the treatment works sludge" should be deleted 
as it is already addressed by the general prohibitions. - The language in Section 
3.2.(b)(vi) of the final permit was changed to state: "Any priority pollutant in 
amounts that will cause interference with the treatment works sludge processes, 
use or disposal." 

p.	 A-16: A23. Section 3.2(c) - POTW Pretreatment Program, p. 19 - thirty day notification "If 
this discharge necessitates a revision of the NPDES permit or pass-through guidelines, 
discharge by this source is prohibited until the Tennessee Division of Water Pollution 
Control gives final authorization." - permittee wants quoted sentence deleted because 
no regulation basis. TDEC has failed to adopt it so-called "pass through guidelines" as a 
rule instead of using internal TDEC policy, therefore cannot be used to establish 
industrial user "violations". - Permit modification requirements are described in TN 
Rules, Chapter 1200-4-5-.08(2), which states: "All discharges authorized by the 
permit shall be consistent with the terms and conditions of the permit; that facility 
expansions, production increases, or process modifications which result in new 
or increased discharges of pollutants must be reported by submission of a new 
application or, if such discharge does not violate effluent limitations specified in 
the permit, by submission to the commissioner of notice of such new or 
increased discharges of pollutants; that the discharge of any pollutant more 
frequently than or at a level in excess of that identified and authorized by the 
permit shall constitute a violation of the terms and conditions of the permit." 
Therefore, the language in section 3.2(c) does not have its basis in pretreatment 
rules, but is derived from the requirement that all pollutant sources must be 
adequately identified and authorized through an NPDES permit prior to 
commencement of discharge. 

p.	 A-17: A24. Section 3.4.2 - Dilution Water, p. 25 - the permittee requested an authorization 
to use "hard" water for chronic (IC25) testing. - The division agrees with using hard 
instead of moderately hard dilution water. 

p.	 A-18: A25. Section 3.4.1 and 3.4.2 Frequency of WET testing, pp. 23-27, wants automatic 
WET testing reduction to 2x1yr if 4 consecutive compliances reported. - the new permit 
includes report-only for WET testing, with 48-hr LC50 acute monitoring on an 
annual basis. The new permit's IC25 WET chronic testing (scans) is for the permit 
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renewal application. Therefore, the division does not consider WET monitoring 
frequency reductions to be applicable. 

p. A-18: A26. Section 3.5 

a) Bacteria compliance schedule - While the permittee agrees that compliance schedule 
for the treated effluent E. coli disinfection is necessary, the timeline should be 
reasonable so to encourage completion of project consistent with sound engineering 
practices and reflective of administrative procedures associated with a major financial 
commitment. - The division has accepted permittee's proposed disinfection 
compliance schedule, albeit with minor modifications, so that the project 
completion is not outside of mandatory 5 year permit issuance restriction. 
Pursuant to the permittee's request, the division agrees that a single sign at the 
Outfall 001 discharge will be required rather than the several signs as described 
in the draft permit. 

b) Disinfection byproducts research (draft requests Memphis to investigate universe of 
potential halogenated compounds, rather than a proposed disinfection byproducts list 
pursuant to known effects regarding designated river usages which are determined 
before studies are initiated and should be identified in (draft) permit. - the division 
considers newly-generated disinfection byproducts to potentially adversely 
impact the receiving stream's water quality. Also, the byproducts may increase 
the amounts of chemicals already identified as needing additional controls (e.g., 
dioxin, and chloroform) for the receiving stream. The division requires that the 
permittee identify for its selected E. coli control method, the resulting 
types/amount of newly-generated disinfection byproducts, and corresponding 
water quality/antidegradation (pursuant to the division's Chapter 1200-4-3
.06(4)(f)) implications. The list of disinfection byproducts of concern should, at a 
minimum, consider pollutants with published water quality criteria (TN Rules, 
Chapter 1200-4-3). 

c) effluent transport/dispersion study (Memphis studies not needed/should be deleted/no 
rationale, study requirements to vague/broad, any in-stream effluent plume definition 
should await modifications to existing outfall structure. Study monitoring plan/modeling 
approach, etc. should be defined and agreed upon and timeframe needed. 
Considering that end-of-pipe water quality criteria is imposed on E. Coli 
(following compliance schedule) and other pollutants of concern, the division 
agrees that effluent transport/dispersion study does not have to be included in 
this permit. However, such study may be required in the next permit cycle, if 
deemed necessary. 

d) effluent diffuser (Memphis says that based on discussion w/ACOE diffuser is not 
feasible - per July 2011 mtg wlTDEC diffuser requirement removed) - based on the 
permittee's effluent diffuser infeasible determination the division agrees not to 
include the diffuser requirement in the new permit. Thus, "This summary must 
also address an Outfall 001 diffuser(s)." from the draft permit was not included in 
the new permit. 
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e) antidegradation analysis if newly-formed disinfection contaminants above de minimis 
amounts (antidegradation analysis should not be required/adding treatment. If 
antidegradation analysis is required, Memphis wants TDEC guidance for what is 
required to pass de minimis test and newly-formed contaminants to be limited to only 
Rule 1200-4-3 parameters. Memphis says TDEC agreed contaminants based on 
existing wa per TN regulations.) - the division has finalized the permit to include 
permittee's antidegradation assessment requirements focused on the newly
formed chemicals which would be discharge pursuant to the permittee's selected 
disinfection system e.g., total residual chlorine, disinfection byproducts. Certainly 
the permittee must use the water quality criteria/chemicals included based on 
narrative criteria (including human health consideration). Also, the division 
expects that the permittee must use its knowledge regarding its industrial 
discharger wastestreams In its disinfection byproducts investigations. The 
permittee must address pollutants included in TN Rules, Chapter 1200-4-3 per the 
receiving stream's designated usages. The receiving stream is classified as an 
"Exceptional Tennessee Water" and the division's antidegradation requirements 
are provided in Rule 1200-4-3-.06, which addresses non-degradation due to de 
minimis contaminant discharge and social/economic justification requirements 
pursuant to contaminants resulting in receiving stream degradation. The division 
may not renewlfinalize a discharge permit that results in receiving stream 
pollution. 

Permittee's Draft Permit Rationale Comments: 

p.	 A-24: A27. Total Nitrogen and Phosphorus Monitoring Requirements - reasons for TN 
and TP monitoring not reasonable; acknowledge increased monitoring/loads wilD 
sources; however, no mandate for states to impose monitoring on permittee. 308 letter 
issued for Mississippi River basin dischargers? Wants nutrients monitoring removed 
from permit. - the division disagrees and considers its rationale for including 
nutrients (total nitrogen and total phosphorus) sufficient given the very limited 
database, 3 nutrient-related permit renewal application values, and the magnitude 
of discharge flow, numerous/diverse industrial user wastewaters (many having 
nutrients), and noting that the permittee's treatment system is not designed nor 
operated for nutrient removal. 

Attachments S, C, and 0 @ Memphis' per prior draft comments submittal 

Attachment B - Imposition of narrative color criteria and industrial user "pass through" 
requirements as a permit conditions are inappropriate and would be "Void for 
Vagueness"- the division understands the permittee's concerns regarding 
narrative color criteria and industrial user "pass through" and the new permit 
continues to include narrative requirements (e.g., "The wastewater discharge 
shall not contain pollutants in quantities that will be hazardous or otherwise 
detrimental to humans, livestock, wildlife, plant life, or fish and aquatic life in the 
receiving stream. ". However, regarding the permittee's specific color and pass 
through concerns, both have been specifically addressed for the new permit. See 
the division's above responses for the permittee's comments "Al" (for color) and 
"A21 "1"A23" (for "pass through"). 
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Attachment C - Permitting requirements for compliance with narrative water quality 
criteria "The wastewater discharge must not cause an objectionable color contrast in the 
receiving stream."- the division agrees that this narrative requirement is in the 
permittee's current permit and pursuant to its above response to the permittee's 
"A 7" draft permit comment, provides for subsequent color 
investigations/permitting requirements integration. 

Attachment D - October 12, 2009 Permittee's Letter - Comments on M.C. Stiles draft 
NPDES permit - based on additional information/considerations the division has 
addressed the various issues discussed with the permittee, as presented in the 
new permit. 

EPA's Draft Permit Comments Provided in Appendix AD-B1 

EPA's cover letter notes that the new permit's rationale needs to document the 
appropriateness of including compliance schedules for E. coli and total residual chlorine (or 
total residual oxidants), including interim requirements and dates if schedule more than one 
year. The new permit reflects the permittee's newly-developed schedule pursuant to the 
justifications provided by the permittee (re: comment A26) with the division's 
determinations as included in this Addendum to Rationale. The new schedule includes a 
requirement for the permittee to submit to the division a progress status report every 6 
months, starting with the new permit's effective date until the disinfection system is 
functional and the E. coli limits compliance are enforceable. 

EPA's comments (as summarized by division) and division's responses follows: 

1. Re: Section 1.1 - EPA recommends that composites instead of grabs be used for 
monitoring organic pesticide chemicals, heptachlor and total chlordane. The division agrees 
with EPA's request. 

2. Re: Section 1.1 - EPA recommends that the division provide clarification regarding 
monitoring total mercury using composite sampling and grabs for methyl mercury. The division 
considers composite sampling for total mercury testing to be appropriate since the 
permittee's wastewater treatment system has a relatively short hydraulic detention time 
and expects significant raw wastewater variability (due to the numerous/diverse 
industrial user wastewater inputs). Since methyl mercury is volatile, grab sampling is 
required. However, the new permit's reopener clause has been revised to include the 
following provision: "The permit may also be reopened if the total mercury results 
appear much lower than expected in comparison with the methyl mercury grab data. If 
so, the division may require the permittee to determine the total mercury based on grab 
samples." 

3. Re: Section 1.1 - EPA noted that the total chlordane footnoted as "technical" chlordane. 
The division agrees with EPA and has changed the footnote to by deleting "technical" to 
be consistent with EPA's "Persistent Chlorinated Hydrocarbon Pesticides" 
classification. 
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4. Re: Section 1.2.3.a - EPA noted the transposition "PBCs" for "PCBs". The division 
agrees and has made the correction. 

5. Re: Section 3.5 - EPA notes that any compliance schedule must be justified pursuant 
to 40 CFR 122.47(a), require the permittee to provide the division written progress notifications 
within 14 days of each interim milestone or final compliance with a written statement as to 
whether compliance dates achieved. The division agrees with EPA's comment and has 
supplemented the SChedule with the statement "The permittee must provide the division 
written progress notification within 14 days of each milestone and specifically address 
whether permit's compliance requirements were achieved." (See disinfection 
compliance schedule table, note (a)) 

6. Re: Section 3.5.1 - EPA recommends that specific dates for each report be included. 
The division does not agree that dates must be included and has included a enhanced 
disinfection compliance schedule that incorporates specific work tasks, milestones, 
timing elements and the supplementary requirement (permittee must provide the 
division with progress status reports every 6 months, starting with the permit's effective 
date and continuing until the permittee's disinfection treatment system is functional. 

7. Re: Section 6.3.4 - EPA recommends that the division specify if chronic tOXicity (IC25) 
monitoring and/or limits are appropriate based on a reasonable potential evaluation. The 
dilution factor (DF) for outfall 001 is approximately 1:522. This is outside of a range of 
dilution factors for which WET testing is required per EPA's gUidance. However, the final 
permit does require annual acute testing and one chronic test to be submitted with the 
permit application. 

8. Re: Rationale 8.10 - EPA recommends that the new permit include a date for the 
permittee to submit the chlorinated byproducts information to the division. See response 
(above) to comment number A26. 

9. Re: Rationale 9.1 - EPA recommends that the new permit include a date for the 
permittee to submit the treated effluent transport/dispersion within the receiving stream 
information to the division. The division removed the requirement for the treated effluent 
transport/dispersion study from the final permit. 

10. Re: Rationale 10 - EPA recommends that the division discuss how the TMDL 
waste load allocations for chlordane, dioxins and PCBs are consistent with the new permit's 
requirements and deleting/clarifications for the 3rd paragraph's last sentence. The TMDL for 
chlordane, dioxins and PCBs states, in Part 9 (Implementation Plan): 

"9.1 Point Sources 
There are currently no NPDES permitted facilities in the Mississippi River Watershed 
with an existing allocation to discharge chlordane, dioxins, or PCBs to the Mississippi 
River." 

Therefore, there are no wasteload allocations for chlordane, dioxins, or PCBs in the final 
permit, but annual monitoring is required to evaluate consistency with the TMDL. 
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11. For Appendix 2e (treated effluent biomonitoring), Appendix 2f (landfill groundwater 
monitoring results - mercury) and Appendix 2g (sludge mercury content) EPA recommends that 
the division obtain more recent data (effluent data limit is 4.5 years). The effluent data was 
timely submitted when the division started this multiple-year complex permit renewal 
process and plans to finalize the permit using the best information available. The new 
permit requires that the treated effluent mercury must be analyzed using more sensitive 
analytical methods. 

TCWN/Sierra Club's Draft Permit Comments Provided in Appendix AD-C1 

1.	 Foam and color 
Request division specifically address foam - proposes "There shall be no distinctly 
visible floating scum, oil, foam, or other matter contained in the wastewater discharge." 
TDEC & EPA have noted the discharge of foam from plants, therefore a WQBEL limit 
warranted due to reasonable potential to violate instream water quality criteria. The final 
permit addresses these discharge parameters using a narrative WQBEL 
approach. 

2.	 Imposing E. coli limits long overdue - final permits should be issued w/o compliance 
schedules. If schedule included, ASAP compliance w/3 yrs max. for WQBEL 
compliance. The division concluded that a compliance is appropriate. The final 
permit requires the permittee to complete parallel work tasks and simplifications 
such that E. coli compliance must be achieved within the new permit's duration. 

3.	 TN & TP - drafts fail per WQ for nutrients (per ... Ecoregion 68a at the 75th percentile 
for nitrite + nitrate). Memphis watershed significant contributor to Gulf of Mexico hypoxic 
zone. The division does not consider the Ecoregion 68a reference stream values 
to be applicable to the Mississippi River (Ecoregion 73a). Therefore, the new 
permit retains Outfall 001 discharge total nitrogen and total phosphorus 
monitoring requirements from the draft permit. 

4.	 Mercury - numeric WQBELs should be included in the final permit - The receiving 
stream is identified as Impaired for mercury (atmospheric deposition). The city 
has monitored its effluent for mercury, and the results have been below detection 
levels. However, the division is requiring the city to monitor mercury 
concentrations using the more sensitive method to better quantify their 
contribution, If any. 

5.	 Overflows - permits Part 2.3.3(d) unclear what "this requiremenf' means - The first 
sentence In paragraph d was changed to read: "Unless there is specific 
enforcement action to the contrary, the permittee Is relieved of the reqUirement 
from paragraph c. above after [ ...J" 

6.	 Dieldrin and DDT - Stiles, WQ reasonable potential is insufficient basis for limits 
elimination - specific exception of antibacksliding trigger needs to be presented. The 
current permit includes the following rationale for dieldrin and DDT limits 
.... .since the ambient river concentrations of DDT and Dieldrin have been 
calculated to currently exceed the state water quality criteria, effluent limitations 
for these two pesticides are required in the permit." As SUCh, water quality 
reasonable potential was the basis for including discharge limits for these treated 
effluent parameters, and rationale for continuing the limits does not apply. This 
permitting action Is consistent with the division's antidegradatlon policy and 
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these parameters no longer require additional controls pursuant to the division's 
2008 and 2010 EPA-approved 303d lists. 
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Appendix AO-A1
 
Permittee's Written Comments (Submittal By COM)
 

CDM 
Suite IWl 

~l:J~""II'I!, T","'nence: 3fX,J 

lel.ti (;')~20'\161 

h~ '·1 t>IS ~::{I·(,5i-Jl) 

Allgust 1~, 2011	 DELIVERED BY EMAIL AND 
FEDERAL EXPRESS 

Mr. Vojin Janjk 
Manager, Permit Section 
Division of Water Pollution Canlral 
TennE'~.'isee Department of Environment and Conservation 
401 Church Street 
I. & C Annex. 6TH Floor 

,f ." 

Nashville, TEnnessee 37243-1534 

AUG 1 6 ;;Oli 

Subject;	 Comments on Draft NPDES Permit No. TN0020711
 
Memphis - Maynard C. Stiles STP
 " 

Dear Mr. Janjic 

This letter and the accompanying comments on the May 17. 2011 draft NPDES permit forrhe M.e. 
Stiies STP is being submitted on behalf of the City of Memphis. The City appreciates TDEC's 
granting an extension of time until August 16,2011 to comment on the draft permjt (as set forth 
in your letter to Mr. Dwan Gilham). 

The comments attached provide details ofth City's concerns with the revised conditions that
 
either are unde.ar or would appear to not be SlIIJport[!d from a tcrhnical, regulatory or a wa[er
 
quality standpoint. \Ve have provided an explanation ofthese concerns based upon the draft
 
permit languagl.'. \I\'here applicable, we have indicated instances in which TDEC agreed to
 
potential resolution of the issue at the luly 18, 2011 meeting between TDEC and the City,
 

Once TDEC has had an opportunity to review these comments, as well a~ comments submltted by 
others, the Ctt)~ is willing to meet to dis russ any rernaming I.'isues and explore approaches for 
developing final permit conditions thal achieve cur mutual goals. 

In ,u1Lhtion to Attachment A, which addresses most of the City's draFt permit concerns, the City'~ 

ClJmments. for th~ permjt includes (iJ an anaJysis \vhy incJusion of a foam. color or olher nar!'ative 
requirement in Lhe Clly's NPDES permit would be "void for vagueness" (Attachment B). (H) an 
analysis selling forth the requirement that a narrative water Quality standard be implemented 
through numerical permit limits or. ifinfeasible, BMPs (Attachment C), and (iii) a copy ofthe 
October 12. 2009 lener frolll the City to TDEC confirming agreements on the prior draft 
(Attachment DJ. Attachments B1 Cj and D are included to rhe extent such concerns have not 
already been adequ~tely addressed by the revised permit. 
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ClIVI 
Mr. Vojin janjic 
August 15,2011 
Page 2 

Ifyou have any questions, please de not hesitate to contact Paull'atterson, Administrato r of 
Environmental Engineering, City ofMemph:s, at 901.576.7125 or me. Thankyoll for your time 
and attention. 

.ris opher A Provost, P.E.. BCEE 
Vice President 
Camp Dresser & McKee, [nco 

cc: Dwan GlIliolll 
Paul Patlerson 
Don Hudgins 
Gary Cohen 
Carm~ Ii t'l.Carletcs- Drayton 
Suya Qualls 
Gary Davis 
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Attachment A 
Comments on Draft M.C. Stiles NPDES Permit No. TNOO20711 
Augusl2011 

The City of Memphis offers the following specific permit issues lhal have been identified in 
its review of the current draft permit and rationale issued May 17, 2011. 

In preparing its comments on this draft permit. the City has considered; 

(I)	 Discussions held with IDEe on July 18. 2011 about permit issues for the current draft 
I'e.rmit; the City's underbtanding of Ihe agreements reached during these discussions 
is included in the comments ""low. 

(2)	 Previous discussions with TDEC related 10 the draft permit issued in 2009. 
Specifically. the City reviewed the agreements resulting from a IDl'eting with mEe on 
September 30, 2009 and summarized in the letter on October 12, 2009 from Paul 
Patterson (Memphi~) to Vojln Janjic; this leller has been included as Attachment D and 
is hereby il1l:orpora ted by refenmc[' to the extent such prior comments have not been 
adeqtlately addressed to the City's sallsfaction. 

In addition, we incorp<Jrate the City's comments on previous draft perrnit&. indusive of the 
Attachment', to this document to the extent that these have not been adequately addressed to 
the City's satisfaction. 

Comments on the Revised Draft Permit 

At. Permit Expiration Date 

The initial page of the permit lists the permi~s expiration a.s 2m 5. The rationale provided at 
Section R.9.5 for shortening the typical5-year term of a NPDI'S permit to 2015 
(4± years) is "Ihe extended period involved in reissuing the permit." The City contends that 
due to the Ievel-of-effort involved to develop Ihe draft permit (and assuming th..",t the City's 
comments are addr~sed satisfactorily) that a thorough review wa:; completed. 

The City believes that permit should be issued for a full [h'e year period from the effective 
date, and n~guesj,; that a specific expiration date be used in the permit. As TDEC, the City 
and others have devoted Significant resources in the development 01 a permit; this period for 
this permit ,hould not be shorter. Moreover, with the City's v.'WTPs being the primary 
di>ehargers in the area, anv adjustments to permit schL-dules should be based upon the Ciiy's 
NI'DES permit term. 

The City discusS('d this comment with TDEC during the meeting in Jul~' 2011 and mEe 
agreed thallhe permit term should be lor five years from the eIfective date. 
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A2. Section 1.1- Mass Limits for BOD/fSS 
The draft permit indudes both concentration and mass limits for BOD and TSS. 

The City no:,', that thl' monthly and weekly rna,s limit. for BOD/TSS a~e not necessary and 
requL"ts t1wy bL' r"moved from the permit. , Il,es" limits are not n'quircd by 40 C.F.R. § 
122.45(1), Under this regulations no mass limits are required if the standard is in 
('Oncenlration. Similarly, in Tennes5ee Tegulatkms only a CllI1centration limit is requirl-d for 
UOD and TSS Per Rule 1200-4-5-JI9(I){a), 

"Municipal and domestic wastewater treatment plants shall be limited by application 
of monthly average concentrations, weekly average concentrations, daily maximum 
amounts, and daily maximum concmtmtinn, of the five-day, 20D e biochemical or 
carbonaceous biochemical oxygen demand (BODS or CBOD5) and suspended solid;;. 
In S01l1e cases, the daily nla:"imuul a:nount m'-l)' be reph1(:ed. by d nlillinH.JIn dail}' 
p()rccnt T(~m(~val rl;!(ltJir€nl~nt<" 

As clearl\" reflect"'-i i.n this rule, the underlving stamiNd only provides fur UJIlcentration 
hmit~ filr month:y average and weekly average permit lirnits, while daily maximum limits 
include concentration and maximum amounl or minimum daily percent renwval. 

The Cily h~s ",ad" this comment on the prior dr1lft p"mlit "od the new rationale does not 
appear to provide abasis for includtng both mncentralion and mass limits. The CHy again 
re,-!u~,t that the mass limits for these pollutants be eliminakd. 

In lhe July 2(ll1 mceling with TDEC, the City raised thi~ issue. The City's noted some of the 
cxce"dances of the mass loading limits OC<:U{ as" re,uit of the signlficanl amount of irJJ"w 
Ihal nn:llrs dunng se".onal rise ot the Mississippi River. Ouring lhese periods, the plant 
reach"d its m,,,imum hydraulic capacity of 2'50 mgd (including TL'Cyde flows) for sustaln"d 
perk)(.!s, 

The City reviewed "perMing records for the M,e. Stiles plant from January 20(lX lhmugh]um' 
2011. Dilling lhal period there were thr"e c'xc:""dances or monthly average load limHs for 
BOD or TSS ir: tIVO months (I.t'., April 20D8 and May 20n) wherc' the correspor,ding 
concl'nlration-based limits were mel. During th,'St, two months as well as May 2010, there 
v·,ere six we.!ks when the weekly load limit for DOD or TSS was excecd"d be:t the respective 
weekly cor,cenlration limits were met. I'he<;(' an' summarized below. During the three 
J11<Jlllhs involving the exc""dance of rna" :irnlls, th~ av~rage flow to the Stile. W,VTP ranged 
from 1622 - 20',9 mgd, well above!h" 135 mgd :Jpon which the permit's maSS limits were 
':Ja<;l?d 
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I W,'ek-Month -Year 

i
I\.....e~k 1 - April 2008 

h-veek 2 - i\prj) 2008 

TSS Weekly Average 

, TSS Weekly Average 

Permit Limil 
(Ib/day)

--j-'-_.,--
%,483 87,820 

------
89,058 87,820 

April 2008 TSS Monthly Average 73,309 58,547 

----_._-'.,-_.. 

Week 2 - May 2010 BOD Weekly Average 76,030 76,561 

Week 3 - May 2010 BOD Weekly Average 99,164 76,561 

W(!(,k 3 - May 21m 1300 WeekI)' Average 92,765 76,561 

Week 4 - May 2011 BOD Weekly Average 101,957 76,561 

, Mav 2011 BOD Monthly Average 70,589 50,666 

I Mav 2011 T5..'i Monthly Average : 64,765 SSM7 
I 

'[ hese are examples 01 instances in which the City was in full compliance with the underlying 
statutory and regulatory standard (i.c., secondary treatment), yet the permit would purport to 
artificially indicate noncumplian<:e. While mass limits may be appropriate in other situations 
to prevent dilution a. a medns of achieving compliance, such concern would not be applicable 
here as the City has pcre<'nt removal requiremenLs, as \\'ell as concentration-ba>ed limits that 
apply to BOD and T55, The City requests that the mass limit. for BOD and T5..'i be deleted 
because, as reflerled above, it canr<'sult in noncompliance when the City is in fuIl compliance 
with the underlying applicat>le standard. 

Wilhout waiving its above argument, il weekly mass limits are to be included, then these 
limits should be increased. Weekly limits :;hQuld not be based upon the monthly design flow 
(13.5 mg<l). they should instead be based upon a hightr \wekly design flow, We note that tl'e 
w('"kly do,ign flow would be between the monthly and the d.,i1y design Ilo\\'s. 

A3. Section 1.1- E. coli Permit Limits 

The Cil" h"s the following comments on the E w[; JJL'fmit limits themselvcs. First, EPA has 
~Ialed in in; BEACH Act regulations that bacteria daily maximum water quality slandards 
shouk1 n"t I,., us..ct 10 establish daily maximum limits becaUSE' the sing1c sample maximum 
was only intended to provide health authorities with a rational lor closing beaches. Only 
monthly average standards are r_'quired (except for bathing beaches), 5ef t.R" 69 Fed. Reg. 
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6721S ,',' seq (No\,pm1:lt'r 16, 2004).1 Even wh,'n a ,rale h.1S a gPllm"tric mean and iI daily 
m,l',imum eomponent to its water quality standnrd. fOT E. cali, EPA guidance indicates that thl' 
perrlnt effluent limitation may appropriately be limited to monthly averages and not include 
a dai:y maximum limit. Section 4.2.2 of EPA's implementation Cuidance for Ambiml Waler 
QU'lMy Crit, ..", lor Bacteria reflects thai: 

Under th~ C1~an Water Act and the implementing federal regulations, slales 
and authoriz.ed tribes have flexibility in h"w they Iran, late water quality 
standards into NPDES permit limit.• to ensur" il~tatnIll~nt of designal<>d uses. 
Tn implcrmmting stall' and tribal walcr gualily standards that include both the 
geometric mean and upp~r p<>r(entil~ value components, the~ are multiple 
a(xeptable appro,uhes. !3ecauscefflucnt limits are generally based on monthly 
averages, EPA recommends th"t states and authorized tribes u~ Ihe groml'lrk 
mean rumponmt for NPDES water qualily-tr""ed effluent limits. 

In summary, daily maximum permit limits arc nol required teo be included in tb.~ 

permit even though the state standard~ may include an upper percentile value. As 
discuss"d above, there is no bathing be,"dl downstream of the M.e. Slilc'S discharge, 
the.rt~tor(· thL' maXinlUll1 day lirnils should be rem()ved hon\ the permit 

1\4. Section 1.1 - Effective Date of E. coli Pennit Limit5 and Monitoring 
Requirements 

Fool,,,,t,, (a) 10 Section 1.1 states that "Ihe pcrmittee must comply with the E. ('oli limits within 
36 mo"lh, from the permit', effective daLe." This condition is tied. to the compliance schedule 
provided in So'don 3.5 of the permit The footnote, however, does not release the City from 
the ""ponsibility of monitoring for E. coli under the dratt permit While this might l", tacitly 
assumed from th" footnol<>, the City would prl'fcr that this language to dearly specified by 
including the following text al the end of the footnot", "During the interim period, lhere are 
IlnljnljLalions or monitoring requin"ments." 

Tne City also nas significant concerns regarding the short duratioll of Ihe bJrLeria compliance 
schedule. Further discussion of this issue is mduded belo\\' ill the comments 011 Section 3.5. 

.<\5. Section L1 -Total Residual Chlorine or Oxidant Limits 

Civen tlMt studies ,,'ill be conducted as outlined in Section 3.5 to the draft permit to select a 
i.1J:"inf~t:tanll it is premature to include limits for tolal residual chlorine or total residual 
(\,odan! in the pl'Ttnil. Inde('d, TDEC seem, to acknnwledge this in Appendix 1{-4 10 the 

: 'n 11,. nLACH rulemaking, EPA states tbot: 
{If!leJ lIi~n ili_ tile ht.'flC}; Jwt~{j.ca!faJr {ind thJ~i-I ,"t' dl·L;:.'hl/l :~utexl, fhe g~Gme/rlc mCilPl /5 fhe 
mUT,: rclt.'"ilanf ua!t.c fUr efl.'mrlng awl ilP?''''-'pnlfte ~tti..,tl'i tlr',' f,Ll(tn to ~m')fect and imprmx 
W:jf('r qU:Jllfy b.:c.:w.''i(, it is ~ marc ,.di:1b!{' lI:i~a~').r;', h-jr.g !C~D :mt1jctt to rarrdmn 1.''ariatitli1, and 
ltl\)tt" Jj I,yfj,v ~j(jked fo the undatying 5tud':t~~ on "(i,I.id/ 0::' 7986 bliCterm .criteria Tflere rased. 
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Ratil)nak~ (page R-30), which slale'> that "should the permittee start using chlorin.ttion for 
dfluent disinfection the following approach [to deriving a permit limil] would he applied." 

TheTRC limits derived in Appendix 4 are: acute ~ 9.9 mg/I and chronic = 5.8 mg/I. The 
proposed limit, however, is set al a lo"..er value -- 2 mgjL which is "from industry practice 
for h,eakpoint .chlorination wherc 2.0 mgjI of free ,<'Sidual chlorine is associated with a 
hydraulic retention time." Such rationale would not justify making a potential water qualit,' 
based effluenllimit more stringent than that calculated utilizing the applicable water quality 
standards. If a limit were to be induded at all, it should be based upon the calculations as set 
forth in Appendix R-4. As further discussed bdow, the City, however, does not believe that it 
is appropriate to include TRC limits at this tinll' based upon a conlingoncy that th,~ Cily 
chooses chlorination for d i,inff'di on. 

The City is undear how this rationale can be used to justify the selection of a permit limit ror 
TRC Because the dmmonia concentrations in the effluent are greater than 2 mg/I, the 
ml'Chanisms of chlnrin'! disinfection will not be free chlorine, but rather wili be 
chloramination. That is, breakpoint chlorination will not occu' at the concentrations of 
chlorine that would be neEded to disinfl'ct t& ,>ffluent. Reaching breakpoint chlorination for 
the M.e. Stiles plant effluent would requin, huge doses of chlorine. 

The City is also undear why a possible limit for lotal residual oxidant is induded in the draft 
permit. An internet search revealed differ""t definitions of the compounds that would be 
induded in a lotal n!sidual oxidant test. In <me case TRO is defined as chlorite + TRe + 
chlorine dioxide, and in another it is TRC (free and combined chlorine) and free and residual 
bromines th.11 are formed during chlorination of saltwater. In either case, the additional 
parameters beyond TRC are not found in Tennesst"e's waler quaJil)' ~lal1clard5. Thus, the City 
believes there is no justification for a permit limit {or TRO and asks that il be removed from 
the permit. 

The City request, that TDEC take the following aClions: 

•	 The limits are removed irom Ule permit and a re-opener chuse is included that would 
allow fo' appropriate limits to be added based on the disinfection s,'Iected, or 

•	 Indud" the TRC limits for acute and chronic concentrations as derived in App,mdix R-4. 

If TDEC wanls to address this at all, Ihe.. Ihe City requests Ihal one of the following happen: 

•	 '1 he limits are placed in ab€yance until a (l('W disinfectiun process is placed in uperation 
using language similar to the follOWing' "The I"'nnitlee sh,,11 achievf' compliance with the 
effluenllimits for TRC in accordance with the compliance schedule for di,inff'ction, 
assuming that chlorine is used for disinfection. During the interim period, then' are 00 

limitations or monilorinp; requirements." 
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•	 Th~ inlPnded eft1IH'nt limits are discus5l'c\ only in the Rationale for the pemlit 
broadcasting TIJEC's intent b,lt omitth" «IfIu"nt limit. (and monitoring re<luirernentsj 
from tnf' I\PDE5 permit. A permit reop.'n<>r could be incl"ded reflecting tha t the permit 
"'ill be amended should the City ,1ecide to use chlorine' for disinfection. 

The City ilcknowJedges that foolnote (bl to the table indudes the provision thai TRe limits aTe 
not applicable unlil a disinfection system i< inst.1J)ed and operated. If thl' NPDES permit is to 
include mc efiluentlimil5, the Janguag" should be d<lrified to rdled lrul these limit, ollly 
get triggered if a disir.lection in"oldn~ the addition of chlorine, bromine or other halogenated 
oxidfll1to;, j:.:, undprtakeJTl. 

A6. Sedjon 1_1 - Addition of Benzidine and Hexachlorobenzene Monitoring 
Requirements 
lhe Rationale doc- ['"I provide a sufficient b.,is for including monitoring for benzidine and 
hl'xachloTOb£ntene ill 5<'<:lion 1.1 of the draft permit. [n Section RoS.7 (on page R-12}, the 
rmson prodded for rncluding the'se rl'e,uirements is "for its permit renewal uppliralion till' 
permith.:c did nul use .sufficiently sensitive an.idytkal proCE:'dures to demonstrilh:> that nn 
re~."~1"1b[e potential to violate water quality "'isiS. The permittee lTeats industrial 
\VilE-;tP\ViHeys hom n:..tmrrous dischargers Lhr;1t ffiiJllufacturt:l or use orgdnit: chenlicaIs: therefore 
Oun•• 11 00] monii"ring is included in the r:..w permit." Accordmg 10 footnote (c) of the tabl.. 
c,l1 page R-4", i!dditionaltesting is required if tl1e detection limit used in the scan i. higher 
than stalL' I<lJl./ ,'ppnwed EPA \"IDL and the industn' is known to have Ihat pn!llltant." 

III till:' case of lh€St-"' two paramelers Ihe state \vater qUJlitr criteria are so STnJII thi1t analysis 
condllcl,'d at tl1e Tt''luired RDL/l\·lDL could trigger "dditiona[ n1cmitoring requiremenls {or 
every discharge ill Tenneo.ee unless the discharge had tremendous dilution in ils rece,,,i,,!, 
water. I1,P r''<juired dilutions are del~rmin~d by dinding the requir<~d detecti()n limit by tIlt' 
WJtl'f qUdlily (rHr.-rion, and arc 

•	 h,.. ben/.idirw, 22,OiJIl:1lor the oTg"nism onJ,' human health criterion and 51.163:] for 
thE' Y"'ilh'r/nr~anism hUlllan health critL'J'id; and 

•	 l'or he\dchlor\,.lbenzene, 655:1 for the urganism (lnly human h(~a!lh criLt'Tion and 678;-1 
fo1' the \Va tcrI organism human health criteri~L 

Since fe'" (and more likely no) discharges in th" ,tat" enter receiving water.s that afford the 
dbow calculaled dilutions (for inslane£', the Sli/"< plant's discharge to the mighty Mississippi 
is cilkulilwd at 522: I). the trigger for additional testing b"wnws axiomatic unless the s[,'lte 
t"1kes thi! extra step and performs te~ling t(.) verify lhat the5P du.![nical~ enter LI,e Irt'.atlllt>nt 
pl",Ht and ,viti nOl be snfficilmtly rl'movt:-.d in the effluent at levels lo result in a 'r"'ds(wable 
p(\t('n~ial to exceE'd.' In other \\forus. cuntinued te;Ling Lor thes(>chemicalsls <I ,:\';,~::;h:, old' 
m;m.t,o'Y because the approved detr'rtion limits do not afford a permith.'t' i,-ln opportunity to 
dCTl1t)'P.,sh·aLe that the ambient 'water gunlity clilL·. ia U111 be Inet. 
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For the ~bove reason alone, The City "'quests that the monitoring requirements for benzidine 
and hexachlorobenzene be remo....ed from the draft permit. Notwithstanding this reason for 
removing the Iim;Is, the City further notes that,.,s is dIscussed in detail below, th" 
calculations in AppendIX R-6 do not m~'et the stated requirements therein to require the City 
to perfonn addition,,1 monitoring. 

Hackground. Appendix R-6 of the draft permit provides lables with the calculations 
comparing th~ analytical r~sults to water quality criteria. Th" calculations for b~nzidine and 
hexachlorr>benzene are found on Page R-44. The table notes that the detection limits for the 
analyses of these parameters were 10 /lg/!. 

The column 3 of the 'tabl~ specifies the state/s \,VQC recommended detection Iinlits Or calls for 
us<: of EPA method detection limits. For benzidine, the table calb for the EPA MDL, while for 
hexachlorobenzene it lists a WQC RDL of 1.9 "g/!. A review of appro\'ed EPA anaiytieal 
ml'thods for benzidine yir'idl'd the follOWing for MOLs: 

• 44"g/lusingEPAMethod625GC/MS 

• 50 Ilg1 I using method 16258 using GC I Ivl5 isotope 

Benzidine. !It.>cause (1) the anal}'tical result for benzidine was non-dek'Ct, (2) the detection 
limit usc't! (10 ftg/l) is low!'r than the appro\'ed EPA analytical detection limit (44 ~gl 1), and 
(3) thl' result of the analy,;s was nol detected, there is no basis for induding a monitoring 
requirement for this param"ter in the permit. The City requests it be removed from the 
pernlit. 

HexachloIobenzene, The resuIt for Ihe t~'St for hexachlorobenLene below Ihe detection limit, 
though the delection limit used by the City in the analysis ",a' above that required -10 vs 1.9 
ftg/1. Since the slate has not shown tholt hexaLhlorobenz,'np is uS<.'<i by industries in the M.e. 
Stile, plant service area, the conditions cited in the Rationale for requiring additionaltesling 
ha ve not been mel. Therefore, the monitoring requirement should b<, removed from the 
permit. 

A7. Addition of Color Monitoring Requirement 

'Ihe draft permit includes a new monitoring requirement for weekly analysis of true and 
apparent color. Pending the developmenl of a non-narraliw "olor permit limit (lhat i, 
proceeding on a separate track), asking lhl' City to spend limited monies to quantify color is 
unnecessary. 'rh" color monitoring requiTt'ments should be removed from the permit. 

In lory 201 I. during d ml'eling with the City 01 Memphis and its engineers, TDEC agre~d thaI 
color monitoring ",as not currentl\, ne~ded in tIl(' permit. 
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AS. Section 1.1, Addition of Vi5ual Outfall Observations 
The droft f",rmit inc:udes a new provision for lhily vi';uill obscrvation5 at th" outfall to 
include "dislilll-tly visible maller ilnd/or objectionable in"trea", color." 

There are ab~()lu tely no criteria spelled out as to whf"n sompthing is U distinctly visible mattf'r 
"nd/llr obic'<'tiLmable inslrmm cDJor", and therefore the standard is vague and subj"eriH'. 
.vlflnxlver, such d~~I~rminationsare based upon thE" indiVIdual perception of the pf>rl;,on 
makin~~ the (lVa!uahon. The City is unclear about how distinct visible matter or C1n 
oh.iectionabIc instrcam color djfferences are to bp noted dod objects tCJ lhis permit condition. 

First, the Cil)' notes thallhese wndilions in lhe General Wdle, Quality Criteria Rules are all 
npd to th,' p<lt''1ltial for effect on" us(' of the r,'c<'iving- water. For example, for th,' rl'Ct,'ation 
use, lhe rriteria related to visible matter nok' Ihat "There shat! be no distinctly I'isib:c solilb. 
scum, foam, pl1y slick. or Ihe fOrrrMtlon tlf .:;lime;o;, botton) derosit~ or ~.Iudge banks of such 

size Of character that ma~" ~ ddrimcnta! to Tl~~~reahon"" Sio\ilar Uw rriteria relal~d to CtJlor 
notes th.:1~ lhere ShO:1Jd be none in amt.,unt~ that n.1sult in an objedionablt" appt>..tr.i.n.,,,,, 

including the phrase "considering th" nattlf<' and location of the water:' Thl'''l' are il\lpltrtant 
L'unsideIJ.hons bec.:~use the ~tissi5Sippi River i~ highl)' <;;Qlored (~nd contains rnu(,h visible 
Indttl'r jl1 ;.he form of debris and foam traveling do\vnrlver). 

By tlll'ir na~,,'(', these criteria are 5ubjectiw and thus wi:! bP evaluated differently by each 
observer. Unless TDEC can provid0 objl'cti\tQ (:riteria JT1 thl' petTIlil, this proposed permit 
(cr~diti{l11 ~h()u:J be removed. 

In addition to the above comment, and without waiving it., rights regarding the 
apf'ropriateness of daily visual observations, the Citr further prOVides that it is impossibl" to 
ctJrnply \\'ith this cond~tion on a dajly basis. I) uring cerlain flo'.\' (~onditi()ns, it i5 unsafe to 
obtain thb infonI1i:l':lDr,:. Under nOfJl1aJ river flu\.\.' <:.onditinlls, it is possible for employe'E:~s to 
stand on thc top of tl", outfallstructur<' to make th<' required observations. When the river 
dow is high thi~ structu.r-e is submerged and eInployees cannot safely l'.pproach the strm.:luTL' 

wher~ the discharge i" oc,~urring in the river, Visual observations should not he' recuired on a 
daHl' basis, 

During the July 2011 meeting with IDEC on IhQ dr.It permiL TDEC slated that the illt"nl 0: 
In,' requirement is for the City to document" obViOUs" visual differenres TDEC requested 
th.lt the ety propose language thai could I", indud~d in the permit. 

On a dail y basis l wht':n safety ronsideratjons reasonably perTuit a person to stcmd on top of the 
outfaU structuJl.' and obserw the discharg~ ui the :VI.C Slil~s trealed effluent (i.e" th,' rivel 
level i, ,,,,1o,,, th.. tor of the outfall pip..), an observdtior. shail be made and not"d in an 
(lr('rati(ln~ log, which would be maintained (\n sib.' and nOl5ubmitted with the D~'1Rs, aslo 
whelher then' ar" flo"tabI"s. scum, f'lam, L'r all oily slICk emanating from the outfall itself and 
lhdl "rE" not al~() f,:-Jund ill the immediillt'">f~· cldjact:nt \\-a[~""rs of the Mississippi River. The 

operations log Shllll'd a1l0w the operator to d"Kk tl", i"Um"lng boxes, where the tlD"t.bl~s, 
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scum, loam and oily slick notatiOI1S are only answered if negative responses are recorded by 
s,lfety and water level: 

• Unsafe to make observation (yes/no) 

• Water above top of outlall pipe (yes/no) 

Only' if the answers to the first two qUl'stions above arl' no, amWl'r the following: 

• Floatables present (yes/ no) 

• Scum present (yes/ no) 

• Foam pr.."nt (ye5/no) 

• Oily slick present (yes/ no) 

A9. 5edion 1.1, Addition of Effluent Flow Monitoring Requirement 
The current permit for the M.e. Stiles plant only requires monitoring of flow in the influl'nt. 
This draft permit requires additional flow monitoring of the effluent. The City' requests that 
tins addition bl' removed from the permit as it is unnecessary (a single f1<,w monitoring point 
i, all that is need"d). Further, there is no portion of the effluent pipl' that is e.,posed making it 
extremely difficult and costly to install a flow meter. 

AIO. Section 1.1, TRe Monitoring, page 3 
The permit includes a statement that TRC monitoring shall be applicable when chlorine, 
bromine or any other oxidants are added. This statement is too broad in Ihal it can iTl(:lude 
oxid;lnt., such as hydrogen peroxide. There is no reason to require monitoring for TRC under 
th,,,,,, circumstances. We request the senlence be changed to" .... whl'n chlorine, bromine or 
other halq,'enated oxidants are added." 

Further, the first paragraph on this page requires th'lt "the method dett'Ction level (MDL) for 
me shall not exceed 0.05 mg/t unk'Ss the permittee demonstrates that ils 1\1DL is higher." 
Given tha t the proposed permit limit for TRC is 2 mg} 1(40 times higher at the )o,1DL) it is 
unclear why so string~~nt a MDL is reqUired, The City requests that a higher method with a 
highl'r MDt be allowed and that this sentence be removed from the permit. 

All. Section 1.1- Narrative Standards, page 3 
ColnrjFoam and Other Visible Materials. The permit prOVides that "[I]herl' shall be no 
dishnctiy vi,ible floating scum, oil or other maller contained in Ihe wastewater discharge. The 
wastP\,\'at'Pr tH.:;c:hargt" rnust not cauSl~ an objeL'tionable color contrast in the receiving stre.3nl." 

firH, . the proposed Jallguage could be interpreted as an arbilTar}' redsion of the underlYing 
watN quality criteria. If the narrative criterion is to be changed. it must be undertaken 
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throug·h rutemaking. The applicable narralive crileria inr 5<Jlids, floaling materials and 
jerosil~ doc5 not impose a zero discharge visibHity standard for tht~ malerials, [t only 
prohibits those whkh actually impact th" designatl!d usc. For "xample, whew tIl<' water 
'lu~lily critetion i~ for protection of fish and aquat'" Iile, the WC--)5at ]200-4-3.03(3)(,) 
prnribb the disch"rge of materials '·of such size and charaet"r that may be d"trimental to 
fi,1I dnd aquatic lile. Similarly, the wat"r quality criterion for: 

•	 Industrial waler supply at 1200-4-3.03(4)(c) prohibits the discharge of the staled malerials 
of such size a"d character that "may impair the usefulness of the water as a source of 
industrial water supply." 

•	 Recredtinn dt 12oo-4-3.03(2)(e) prohibils the di'dlitrge of th" slated materials of such size 
and {~hardcter .... ~hat may be detrimental to recreation.)' 

•	 Irriga tinn at J 200-4-3.03(5)(d) prohibits the discharge of the stated mat(~als of such size 
and ch.racter that may" impair the usefulness of the water for irrigation p:,uPOSl'." 

•	 Livestock watering and wildlife at 1200-4-3.03(6)(d) prohibits the discharge of the stated 
malerials of such "lize an<i character to # as to interfere with llvestock watering and 
" ildliie:' 

•	 :---J ,l'"igation dt 1200-4-3.03(7}{a) prohihits tI", dis<:hdrge of the stated materials of such size 
"nd cn,oracter as to "interfere with navigation." 

l:..nm if it Wl;~e .\ppTopdale to include a ndrraLive pf"nnil requirement for soIidr." n()~'lling 

matpria" and d"p0sit5 in the permit, the permit condition could not arbitmrilv be chanf;cd 
fronl the underling ("ritcTion and omit the qualifying langtlage. 

Simil"cl;-, the narra!i\"(> n"luireme-nt for color included in the draft penni I do('~ not fully 
r"pr"scnt the waler quality standards, which in Rule 1200.4.3.CtJ(4) (d), for eXdmpk pn)\"id"s 
IMI there sha!l be no colm "in such amounts or character that will resull in any "hj,'Ction,lbl" 
arreilrance to the water, considering the nature ami location of the water." (underline added) 
C;ive,·, this qu~lifier it is unclear how the City would know what would be considered "n 
"lJbj""lillllable appearanc":' This is par,icularlv valid because the Missi.;;sippi River, 
cl,n""on:y rt'ft'rJOftl to as "Big Muddy" is quit., turbid. and Dilen contdins floaling de>bris and 
loa ~l." 

In light of thp filCI that the narratiw crileria f.;' :" "pprise tlw City (and its industTiJI users) of 
thl!ir leg,ll oblisa:iol15 regarding color, foaIll and other visible materials, we believe it is 
incumbent "p"n IDEe 10 include> a nIlmerical color limit(s) in the NPDES permit. [n the 
('vent such ;;mits ar" not feasible, then HMP~ enay be used. Attachments Band e address 
(nnCl'rns a~.socii.dl'd with 'l'DEC~s use of a watE;>T quality criterion narralive standard as a 

'....'rmillimit. Wl' helie"r such permit pro,isiolls to bc' void foY vagueness. Furthermore, we 
,x'Ii,',·" lhilt TDEe ha< lhe 1"1;011 obligation to de,,"lor numericallimHs for implementing Ihe 
na!'"r,ltivE' standard. 
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Hazardllus.lhl' dmft permit (Section 1.1 at Page 3) also provides thai" [tJhe wastewater 
discharge shall not contain pollutants in quantities that will be hazardous or otherwise 
detrimental to humans. livestock. wildlife. plant life. or fish and aquatic life in the receiving 
sln,am." TI", origin of this narrative standard is unclear. 

For the reasons stated above pertaining to color and foam. we believe that such permit 
conditicm should be deleted in Ihat it fails to apprise the City fand ils industrial users) of Ihe 
applicable standard upon which it can determine whether its discharge actions are in 
compliance with the underlying permit condition. If there is a spe<:ific pollutant of concern 
(or indicall}r potlutanl) then TDEC should be developing a numerical permit limit rath..r than 
including the narratiYe permit condition., 

Sludge. Page::l of the draft permit states "Sludge or any other material removed by any
 
treatment works must be disposed of in a manner that preYents its enlrance jnto or poBuhon
 
of any surface or subsurface waters. Additionally, the disposal of such sh.dge or other
 
matpriill rnllst be in compliance with the Tennessee Solid WaSle Disposal Act. TCA 68-31-101
 
et seq. ,md the Tennessee Hazardous Waste Management Act. TeA 68-%·101 et se..].'"
 

The City requests this provision lx, rernoved from the permit. The City's currenlsludge
 
practice L, to manage all sludge on-silO' and no sludge leav,", the plant, and thus, these
 
prO\·i.~ions do not apply. Furthermore. shl>l.ld thl' City ever change this practice and remove
 
sludge from the site, the state's regulations ciled above will gOVeOl the new pradice and it is
 
unnecessary to indude Ihese regulations in this permit.
 

A12. Section 1.2.1.a - BODs Effluent Sampling Location, page 5
 
The n'vised draft permit allDws "if chlncination is used for disinfection. final effluent BOD-,
 
samples GIn be collectpd before disinfection ... '" The elly requests that this provision lx' made
 
for the use of any disinfertanls.
 

A13, Section 1.2.3.<1 - Mercury and Methyl Mercury Analytical Method
 

""dion 1.2.3.a of the draft pennit rt'quim~ the use of EPA Method 245.7 or 1631 E for mercury
 
and EPA Method 1630 for analysis of monomethyl mercury. The methods slate thatlh... ease
 
of contilD1;nating water samples wilh the parameler of interest or interfE'ring substances
 
cannot be overemphasized. It also states that the abilily to ootain low delection limit samples
 
is conslrained by the background levels of nwrcury. Contamination sources cited in Method
 
1610 include'
 

Sc.lnlples may become contaminated by numerous routes. Potential source;g of (ri:l£:e 
mehll conlamination during sampling include: metallic or metal-containing labwarp 
(('.g.• talc gloves that contain high levels of 7.inc), containers. sampling eql.ip:nent. 
rpagents, and reagent water; improperly c1eant'd and stored equipment. Iabware, and 
r"agents; and atmospheric inputs such as dirt ami dust. Even human conlact can be a 
soun:" or trace met,,1 contamination. For example, It has been denlonslraled that denial 
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work (e.g., "",rcury amalgam fillings) in th" months o/laboratory per<;<lnnel can 
cO"louninate salllples that an' diredly exposed 10 exhalation. 

Illi, analysis is designed 10 deled the very lowest lev,,)s of methyl mercury in a water sample 
and thu~ has tu t1l' undprlaken using special sampling techniques (as defined in EPA Method 
16(9) and can only be conducted at a laboratory thai maintain" instrumentation for "dean" 
samph',. 

1he use of EPA Mdhod 1669 by wastewater utilities to collect samples is notToutine. It 
r"'1" ir", special training 01 the stafl to wilen the sample, and given that samples would only 
b..· wHeeted twic<' a y,'ar the training would have tn bc repeated each sampling cycle or an 
oetsidt' consllltant/ laboratory be hired to meet tht~ ~JTnpling riE::.'quirements. Since thert-~ aTe 

few laborat,)rie. who can meet these require,,,ents, it ;sUk"l)' that additional expense would 
be incurred shipping and processing the samples. Thus, lhe use of a non-routine analytical 
detection limit as a moniturin" requirement in rln NPOES permit essentially dSb.S Memphis to 
eonduct r,,,earch on lis effluent. Tenr.essee's Water Quality Criteria ruI,' (1200-4-3-.05.8) and 
hd" a rL....I'.:ircd detc'Ction le\'el (RDLs) of 0.2 ~g/ I, whereas the detection Umitlhat could be 
ohtained (barring bac<:ground contamination or interferences) IS 0.02 ng/I (or 10,000 times 
]o'wer). 

'1'1", 'IS" of /1,.,,,, methods should be removed from Ihe permit as the Cily should not be
 
pxpecteLi to conduct on-gOing research as P,);t of its p(~rrnit tequirelnents.
 

A14. Section 1.2.3.a • Analytical Method for PCBs
 
Similar to the above discussion about the anah,tical method lor mercury, the method
 
specifiL'd for PCBs is nol necessary. In this case EPA Method 16681l is required, which allow,
 
for dck'nninalion of chlorin,)h'd biphenol con1\"ner" wherea~. lh,' traditiDnal PCB analysis
 
determines concentrations for grouping<.:; of congeners in dwir commercial n'lixes (known as
 
drodIiors). As wilh lhemercury discussion above, the abihty to ,1chicve the lower detection
 
lim its depl'nds on the level of intJ'rf~rence,and b~ckgr()und I.!vels in the laboratory, and not
 
on in:;trun:entation lin.its.
 

Again the II<~ of thi, method is not appropriate for the M.e Stiles efflnent monitoring
 
program. PCB, havl' not been found in nine years of annual monitoring dala. PCHs have not
 
been manufactured or used in the US lor decades. The rationale provides no basis for
 
rC<juiring thL,,;e verv low detection limit,. The l"t'quirl'ment to use thIs analylical metood
 
shollid h,' dl'ieted from the permit.
 

A15. Reporting Requirements
 
The draft !"'mlit in Section J.35. J now proVides lor the summary "'port to iden:i:y !II('
 
number t1f sanitary ;"!IC".'y·CT o\'crflows, dry \\'eathC'r oVL'r[]ow5, in plant bypasst;;S dnd basenwn:
 
bllrkLlr~ o;ep,1fit tely _ In C()n~ra5t, the DrvfR rppn!'ting only provides for the reporting 01
 
~anitary sewer o\-erflo'_,,'s} dry weather ovt'rfows and in-plal:t bypasses.
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The Citv of Memphis has consdenti()usly been addressing its collection system and has made 
significant pro&,ess in reducinfl the number of overflClws. The Citv is concerned that the new 
reporllng formal will result in the inappropriate appearance that the number of overfJows is 
increasing when, in actuality, any increase would be the resu It 01 a new reporting structure. 
'lbe City request, that the reporting be consistent with prior practices so that the City can 
appropriately evalua!e its continued improv"ments. The DMR should also prOVide a separate 
line for the reparling of baSt'mt'nt backups. 

In the July 2011 m"eting with IDEC this topiC was discussed and TDEC agrl"ed to either 
provide a new DMR code for basement backups to allow for separate recording or to aUow 
them to be included as a separate sentence in the DMR. 

Furthermore. the summary report in Section 1.3.5.1 is supposed to identity, not only. known 
instances of overflows or bypass, but "suspeeled" instances. The City requests that the 
provision pertaining to "suspected" instances be deleted. If overflows are to be reported, 
only those owrtlolVs that are known to have occurred should be covered. A "suspected" 
overflow is too subjective and cannot appropriately be covcn'd by a certification 
accompanying any report. 

{{"Iated to thl? concern with the new permit resulting in overreporling of overfl(}lVs due to a 
different means of counting overflows is the new definition of "sanitary sewer overflow" in 
Section 4.1 of the draft permit (page 31). The City's existing NPDES permit defines a 
"sanitary sewer ovet'flow event" as an "unpermitted discharge of wastewater from the 
collection or lr"...tmenl system other than through the pennitted outfall thai is directly 
related to a specific rainfall events, Multiple discharge occurr(!nces within a single rainfall 
event are considered a single sanitary sewer overflow event." (Emphasis added.). 11110 new 
draft permit, however, omits the bolded language. No IOllger would a sanitary sewer 
overflow be related to a specific rainfall (·vt'nt. Moreover, multiple overflows due to the same 
rainfall would now be counted as multiple sanitary sewer overflows. The City requests that 
the language from the 2000 existing permit be retained, This is an exampI" of where the draft 
permit would result in the artificial increase in reporting of overflows when u.nderhng 
condition have not chLmged (or even potentially improved). 

The City further points out that both th~ civil m,d criminal penalty sections of the Clean 
Water Act as pnJ\'ided in CWA §309(d) and §309(c)(5), respectively, specifically prOVides that 
a single operational upset tnat leads to simultaneous violations of more than one pollutant 
p"ramet'lr will be treated as a sinflle violation. As the new draft permit purports to have a 
prohibition d all sanitary sewer overflows (i.e.. a zero di<charge standard), multiple 
dis<:harge occurrences due to a single rainfall event should continue to be treated as a single 
violation. Th" permit ration"le provides absolutely no expl.mation for this very ,ib'lliHcant 
change from the existing perrnitto the new draft permit. 
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A16. Section 1.5 - Reopener Provisions 

Th" rlt· ..\, r.lr~lft pcrnli: contains c;evernl changes to the prior proposed reopener dl')U5C. SOJne 
ot the'e ch<\ngt's are confusing. For exampl,~. it is unclear why the new permit conl~in5 

IangLlage that "th" division may reopen th.. permit to make changes in the E. coli compliance 
schedule." As Seclion 2.2.2 (" Permit Modification. Revocation, or Termination") se:.o forth 
the requisite aLlthority of IDEC to. among other things. modify the NPDFS permit, there docs 
not nppear to he a need for il reopener pro,·isJOTI. To avoid confusion, it is sugg~slcd lhat the 
reopener provisiDn he deleled. 

A17. Section 2.1.4 - Proper Operation and Maintenance, page 10 
Rule 1200-,!·5..07(2}(c) sets forlh a 'slandard" pem'it condition to be included in NPDE5 
permits, in this case regarding proper operation and mainlenance. This provision reqLlires Ihe 
permitt"., t" properly operate and maint,1in all facilihes ~nd systems 01 treatmenl and control 
(dIld r"l,lled appurlances) whkh an! insla] i"d or used by the pcrmit/('(' 10 achieve compliance 
with the rondili'ms "f Ihe permit. In contrasl, Section 2.1.4.a of Ihe draft permit would 
provide for the permittee to properly operdte and m<'intain <,II lacilities and system lor 
"collection" and treatmenl. . The slanJard pem'il conJiti"n regulation does not address 
the "collection" system. The stat" regu[ahons (I~LJle 120l1-4-5-.07(2)) set lorlh "standaId 
c0!1dili'1n< 10 apply I" NPD'ES pennils. TI,ese conditions M~ modeled after the federal 
'land."" permit conditions which are 10 be included in NPLJ!iS permits either expmssly or by 
incorpnrati,m hy rderence. 40 CP.R. § 122.41 (prefatory paragraph). These "st.lndMd" 
p"rc:,i, cO"dili"T:s "re' not intended 10 be chang~d. We therefore request that the Jangm'g(' 
fmm Rule lZ:Xl-45-.!J7(Z)«), which sets forth the applicable standard, be used in the permit 
ins~e<ld. 

AlB. Section 2.3.2 - Reporting of Noncompliance, page 13 

The dr~lt !,,'rmlt inc;udes language about providing notification 10 Ih. slate within:'4 hours 
from wh"n the p"rmittee lx.'Comes aware of a "case of any noncompliance which could 
conshillte d threat to drinking watersupplies, or any olher discharge which could cOlllililLlte a 
thn10at to numnn hp<1hh or the environment n The City !cquesLG that this langllng(~ bC'darifled 
to refl"cl thal it does nol require notice "f any overflow that has been addresse<i within 24 
hours. 

A19. Section 2.3.3. - Overflow, page 13 

The exisling t\ l'DES permil defines"overflow" as Ihe "dbdMrge of wash's from any porLion 
of the colh:tion. transmission. or Irealment system other than through permitted ouHalls." 
The definition of "overflow" in the draft !':PDI'S perrnit inexplicably is no longer based UpO!1 
,1 #disc'h.:1rge" hewing oc'curn-d but, instead, ''iv'ouIJ now be b"=l~ed upon a tJrpl@.a~t"1( of sewage 

from tIny portion of the colrc-!ction, lTansmi'5sion, or treatn,ent system other than through 
~,mnilted outfalls. The definitions of"sanitary scwer ("'erflow," "dry weather "verflow" and 
""",t weather overflow" as defined in Rule 12110-!-5-D2 are all based ul'(ln an unp"rmltted 
"di~h,;Hg(!.·' Other "relt"abt~s" that are nol ullpennitllxl HdiS(~hargesUare not.addressed by the 
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State regulations nor prohibited by the State's standard permit conditions as set forth in Rule 
1200-4-5-.07.2(n). The permit language should lx' changed back to "dl&Charge." 

In addition, Pari 1I.C.3.b of the existing N'PDE5 permit for the Stiles plant prohibited sanitarv 
sewer overik,ws and dry-weather overflows unless, among other things, the,.., are no feasible 
altenlatives to the overflow. The new permit has eliminated the no feasible alternatives 
defense and now would prohibit all overflows, even when there are no feasible alternatives. 
In light ollhis new requireml'ntlhat even overflows for whkh there are no feasible 
alternatives be eliminated, it is imperative that the permit provide an appropriate compliance 
schedule to now meet this new permit requirement. The City requests that the pe.rmit 
provide the City twenty (20) years to meet this new requirement. ·In support of this request, 
the City notes that in the June 1, 2010 Federal Reg;'.!er ((75 Fed. Reg. 30400). EPA specifically 
acknowledged that "Ie]ven munidpal collection systems that are operated in an ex,~mrlary 

fashilll1 may experience unauthorized discharges under exceptional circumstances.'· 
Furthermore, it is not uncommon for LiPA to provide municipalities twenty-years in a consent 
decree to address overflows. The City recognizes that EPA may come out with a federal 
rq;ulalion addressing SSOs in the near future which may then provide further indications of 
an appropriate standard. 

In fmtner support oj this <'omment, the City proVides that since the State, in essence, has 
established a new technology-baSl'd zero discharge slandard for collection systems. it must 
undertake the neLessary analysis to juslify a zero discharge standards. Furthermore, it is 

imperali,·e for the Slale to provide a defense in the permit for those instances in which it is 
not reasan"b!y expected thatlhe tl'Chnology.based standard can be achieved. This defense is 
required whether or not a particular Stale regulation so-provides. I" fact, EPA's guidance sets 
forth the applicable legal standard; 

In Marathon Oil [Marathon Oil v. Environmental Protecllon Agency~564. F.2d 
1253 (9th Cir. I97711, the coort held thal EPA was required to j,lSert a special 
··upset" provision into the permit of each of the defendants in the case. The 
court conduded that a facility using pmper technology operated in an 
exemplary fashion would not necessarily be able 10 comply with its teehnology
based et11uentlimitaliol1s one hundred percent of the time. further, the Ael 
only required discharge.. to meet etlluentlimitatiolls by awlicatioo of "best 
available technology." Therefore, lack ora mechanism providing an excuse 
from liability for those rare circumstauces when a violation occurs Ihal the 
discharger could not avoid SCi a standard higher than lhal set by the Clean 
Water Act. 

US EPA, Mellloramillm litll'd "Issuance of Guidance lnterprcting 'Single Operational Upset: 
from Robert G. Heiss (Associaled Enforcement ["..Qunsel felT Water), Keith A. Onsdorfl, 
Associ~~e Enforcement Counsel lar Criminal and James R. Elder, Director, Office "f Water 
[n[l,n'emenl dnel PenHil_, d,'ted s.,ptemL",r 28, 1989, dl 7. 
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In COl1clu..,ior., an affinnative defense and a rt'H,"()l1il~le compl1ancc schedule must be 
providl'd, 

A20. Section 2.3.6.( -Bypasses, page 16 

TI,e City requc'sts that language" All "ther bYrd'''''' are pwhibited" should be changed to 
"All other bypa,s~,s are subject to the prnhibition ill subsection (b) above," This change 
""uid clarify that thev are only pJ'Ohibit~d if lhe,' do not m<,;,t the subsection (bHi) through 
(iii) c!"iteri.l. 

A2l. Section 3.2(a)(ix) - Local Limit Evaluation, page 18 
~rhis section provides for a ,,\'ri.Uen tedmiGll evaluation of the need to revise local limits to be 
submilled Jnd iurtlwr pro\'idesthat "the evaluation shall include the mo,t re..-.,nlrass
through lir:lils proposed by the division," The divi~ion's pa~5 through limit;;; have not been 
e,.;tiJbll.qhed by regulation. rurthermore, thc·rr is no document explaining the ur.derlying 
derivation of ""h '.mils .md why it is appropriate to require such limits to be utilized bv 
municipalih",. 111<' (,;ty requests th<llihe reference to the division's pass through limits [",. 
deleted. 

A22. Section 3.2(b)(vi) - Pretreatment, page 18 
Ihis -cellon would prohibit the ILJ di,charge of "'lIl)' priority pollutanl in anlOUllls that wi]] 
conlamilutc the tr('atmt~nt works sludgf'." It i5 unck,lr ~s to 'what the term ""contaminate" 
m(";:'tI1.;, l1t:'yond lhal already provjdL~1 by SediQIl 3.2(0) which contains the general proh;bition 
a,~"ir"t Pas" Thrnugh and Interference, Whil" Ih,' purpose ,,,etilll1 oi IDEe Rules M Rule 
12m-4.14·.Lll(1) f(,/t<,cts an intent to prevenl contamination of sewage sludge, such intent i' 
implement"d by Ilw prohibition <lgainstlnterference or Pass in Rule 1200-4-14-.0.'i(1 )(a). The 
ddinilJOI\ 0 i " In tcrfer<'nce" a t Rule 1200-4-'14-.03 elLl dresses an ind ustriaI user d iscll<ll'gt' thaI 
ini)jbit::. ~)r disrupts the :;ludge proC~SSe:5f USl' Or disposal. The preln-alnlPnl rule~ Jo not 
d~,'whpreaddress contamination of selVage silldg~. As such, permit conditiun J,2(b)(\'i) 
should be delet"d as iL is aln·ady addressed by the general prohibititms. 

A23. Section 3.2(c) - rOTW Pretreatment Program, page 19 
Rule 1200-4 -3 ,07(2)(s) also sets iorlh a ,tondard t\PDES p('rrnit condition pertaining to I'OTW 
no Lification of cha'1gcd circunlsLance$. S<!cti\ JI1 3.2.c nf lhf:~ dr,llt pernlit contains such 
f('quircn1enls, buL l)dded a thirty day nol1:i ....iitior n.:y:...:ir~lnenland induded the following 
pl'()vi~ion: "It thIS discharge nccessilat~$" r~\'i.,ion of ~h,' NPrJFS permit or pass-through 
g"i,kl in(", d is,'harge by this source is prohibited until the Tennessee Division 01 Wdter 
1',,11 "ti"l\ Control gives final authorization." While th" CIty d,"'9 not objecllo the thirty-d~y 

n(lLi:l;;~:ic['. requirernent, it requL~ts. th£lt the Idst &€ntl:'nce be dclett."Cl as it is not set forth in th(' 

applicable 'egtllation Moreover, neither Rul~ 1200-4-5-.07, the· pretreatment r"gula tions in 
Ch"r1er :20i)·4·14. nor o'hpr applicab1<' Stale or (l'decal r,'guLl!ior: requires ,hent;"" to 
i!1dustri.d Il-,t'" indirect discharges to await acliu[1 by the i'\PDES penni\ting action, 
p.,rnc,-:lt1dv i.l:~ thfJl' i .. no rC?asonablf. n't,lxil1ltlm timefrarne provided in 'whidl S~a.te action 
would be taken. 
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Furthermore, TDEC has failed to adopt its so-called "pass through guidelines" as a nile. 
Applicable regulations do not require compliance with such internal TDEC policy. If TDEC 

. wants 10 apply such standards as a permit requirement, it is imperative for TDEC to first 
underlake the requisite rulemaking. 

In addition, Sf'etion 3.2.d.ii (p,1ge 20) of thE' draft permit states that "al1upsets, interferences, 
amI pass-through violations must also be reported on the annual report." TDEC 
inconsi'itently uses the term pass-through. Under the federal and State pretreatment 
regulations, pass-through is prohibited and is defined as an industrial user discharge thM 
jXlsses through the I'onv and is a cause of the ron\' violating its NPDES permit. See 40 
C.F.R. § 403.3(1') and Rule 120D-4-14-.03. As indicated above, TDEC has WIlle up with its
 
own informal pass-through standards and has sought to superimpose these nOlUegulatory
 
provisions upon POTWs. If Section 3.2.d.ii is referring to the former definition of pass

through tl"'n Memphis has no further comment on this section. If, however, the permit is
 
referrin/; to the laller definition, Memphis objects to such pennit condition. 1he informal
 
pass-through values established by the TDEC policy cannot establish industrial User
 
r'viotations:' 

A24. Section 3.4.2 - Dilution Water, page 25 
The City apprecii1tes lhe flexibility thai has been included in the permit to allow exploration 
of the use of Mississippi River water as the control. PreViously, the City has also requesled 
that if synthetic dilution water is used, the City requests that hard ness fn[ this water be 
changed to "hard" per EPA's Methods for Measuring the Acute TOXiCIty ofEfflumt 10 Freshwater 
and Marine Orga!lb'l1/s. In this 2011 draft permit, the change was included in Section 3.4.1 for 
acute toxicity testing, but was not induded in Section 3.4.2 for chronic toxicity testing on Page 
25. 

The reasons for the request for hard water for synthetic dilution water are d~'SCfibed bel0w. 
The' City requests this change also be made in Section 3.4.2. 

First, the reasonable potential calculations performed in ApP<'ndix 6 to Ihe Rationale of this 
draft pennit assume a hardness value of 192 mg/l. Fmther support for a "hard" value for 
hardm"ls in the Mis'is.-ippi River al Memphis is described below. 

•	 www.dc.mns<:u.edu/ksco~t/eheml425/wqlabs/Test14TotalHardnes&.rdf reports a total
 
hardness meaSlllcnll'nt made at Memphis in the fall season of '178.3 mg/ I.
 

•	 www.[()wan.edu/colleges/engineering/c1inics/asee/papers/2004122U-Dunbarpdf
 
reportNltotal hardnes.~ in water coll"c1f'd. in March 2000 at Mt:!mphis as '183 mg/l.
 

~Vhile nelt site-specific as the "b0vt:! tWll ref('rences, a USGS publication on water chemistry in 
the Mississippi River system states "The water remains hard (140-154 mg/l) al gaging stations 
between the Mississippi-Ghio River confluence and New Orkans.. Louisiana." 
pubs.usgs.gov1cire!circ11331 chemsettint;-html 
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A25. Section 3.4.1 and 3.4.2 - Frequency of WET Testing, pages 23-27 

The Citv requests that a provision be added to the acute' whole effluent toxicity testing 
T('quirements of the permit 10 provide an automatic redudion in WEI testing hequency to 
L\'l"o tests annually if four consecutive COmpliLl.nCfS afE" reporled. This l.ype of provision is 
trequentlv included in NPDES permits to "void UIU1ecessary expenditures after the effluent 
has been dc'man,lr"led to be nOll-toxic. Indusion of an automatic reduction of WEI testing 
frequency would dlsa a"oid Ihe need for IDEe \(I d"vore resources in responding to and 
processi"g a reInlit modifkation request. 

A26. Section 3.5 - Bacteria Compliance Schedule 
The City agrees thdt the inclusion of a comf,liante schedule for bacteria is nece"ary to aEow 
for, among other things. analysis of options of the best approach 10 take to comply with the 
new L coli permit Emil. l'here are, however, several conditions that have been indud.'d in the 
compliance schedule that are, in the City's opiniol', unnecessary, confusing or not possible to 
complete on the schedule allowed. These indude; 

•	 Schedule issues 

•	 The requirenH~ntsconcerning the posting of signs ;)long th,?' river 

•	 The requirement tlMt the City conduci research on disinfection byproducts 

• -nw indusiall of a requirl'menl 10 conduct a trealed effiuenl tTansporl/ dispersion study 
,md develop" mathematical model of the river 

•	 ·nw ,'cquireOlf'1l1 to address an OutfaU 001 difluser(s) 

•	 Requiremenl for an antidegradalion analysis if disinfection will result in newly-formed 
Outtall ()Ol discharp;e contaminants alJ<lve a de minimi; amount 

Schedule Issue8. Section 3.5 of the draft permit states that the City "shall design/install and 
opera It' an rnd-of-pipe disinfection system and com~'ly with the Outfall 00llreated effluent 
c. d,li and total residudl chlorine (TRq limits presented in Section 1.1 within 36 months from 
the Il<'rrnil's eff~Clive dale." 

In the meeting with TDEC in July 2011, TDEe agreed Ihallhey wanllhe Compl.iiln('e 
Schedule to be one that the City can reasonable nK...t and accordingly invited the City tlJ 

propose a schedul~, which is provided in Ihe tabLe below. 
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MIlestone Srhedule 
-

I. Submission of Disinfection Wlthin 2 monlhs of Permil Effective Date
 
Study Work Plan
 

2. Conduct Disinfection Study Within 12 months of Work Plan approval by TOEC 

3. Additional Studies if Chlorine Within 12 monlhs of Completion of Siudy 10 perform 
is recommended • Dechlorination studies 

• Antidegradation analysis (if appropriate) 

• Studies required by Section 3.5.1 of the Draft Permit 

4. Submit Disinfection Within 6 months from Completion of Study 
Recommendations report 

5. Complete Design Wilhin 16 months from TDEC approval of Recommendations 
Report 

6. Bidding and Notice to Within 6 months from Completion of Design and TOfC 
Proteed Approval of Construction 

Within 24 months from Notice to Proceed7. Construe:tfon 

8. Startull Operations Within 3 months of Construction Completion 

--

",otwithstanding th~ ability to offer the ,h,w" limeframe to meet the Disin/ection Compliance 
Schedule. thO' Cily;s compelled 10 offer the iollowing comments on the current draft permit. 

The 5che-d ule induded in the d rafl permit callnot be mel. It does not allow time to recognize 
the realities of the proc"ss the City must follow Lo execute engineering and construction work. 
Such comiderations \Vel'e recognized in the August 30, 2010 draft permit. but for some 
inexplicable- reason, the new draft permit now sets lorth a totally unworkable "'mph"nee 
schedule. As further explained below, the compliance schedule also faits to account ior the 
various studie5 required under the permit Lhat would impact the various disinfection 
dt>dsions. 

Signage. The curtmt draft permit requires that the City erect signs allhe outfall. any 
by pass/ owrflow in the collection system that has diSt'harged five or more times in the past 
year. and oUler locations "specified by the division's WPC Memphis Environmental field 
Offke." It does not appear thaI the State rules have any requirement for signage assoeial..d 
with discharge locations. The only reference to a "sign" that we identified is in Rule 1200-4-5
.06(1) which reguir", an individual application lor a new or expanded discharge 10 post a sign 
near the entrance of the facility, with such 'ign being of sufficient size that it is legible hom 
Lhe- public road. Inasmuch as Ihc Sute rules specifically reqUire signs where it has been 
dLocmed appropri"te. the absence of such a requiremenl for other drcumstanctc'" (such as at 
discharge loca~()ns) mdicates a dE'Cision by the Stale- not to r~quil'" signal\c for Ih"se olher 
situations. 
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lv10f{'llV(lTr the fact that bacteria is not tlf such a crucial concern that signs must be posted is 

""lied by IDEes llwn actions/inactions. The lack of bacLeria standards in the GIl"s I2xisting 
l\iPDES permit is I",sed upon 'IDEe's past determination thai such limits w,'rt' unnecessary. 
\forI20Ver, IDEe did not deem it necessary Lll dll1cnd or timely reissue the expired permil-
something il su rei)' would hav,' done if there were significant bacteria COncerns. I'm these 
n'~S(1ns.. the cir.1t permil <conditions requiring signage should b€ deleted. 

This t"pk was also dis"usSt~d at the Cny's meeting with TDEe in July 2011 and an dgrL't'll1ent 
W,1S r!'ached thallhe permit Iilnguage would b~ revis.,d to slale thai the City would erect J 
sing!.! 'ign al the main outfall of the M.e Stiles plant and that sib'lls would otherwise b€ 
~,Iac,'d only at byp<lss/ overflow locations in the collection system that has discharged five or 
more limes in the past ye-ar. 

"Jotwith,tanding this agreement, the City is compdl(~c1 to oHer the folJowing permit 
comments on the uraH permit. 

]n the E'vt>nt the Stdt{~ rules do provide for signs at the- discharge locations l w'! make the 
fdio\.vil"lg comments, 

The droft permit specifies that sigm be insta~l"d within 00 days of the permit's dfective date 
at O(I!fall DO'! and any bypass/overflow poinL in the .-o1lec;;on system (the laUer being any 
localion that has had 5 or more discharges inllw last year). The sib'11 for Outfall om must 
include a warning for recreational users regarding human health hazards associdled with 
treated non-di,infected wastewater. The City is to coordinate witb tl.,., Memphis !'iekl officI' 
on Ihe actual number and locations of the signs. 

,h,' Cit)' "''-luests th.u the sign for outfall OOOJ alsLl sldte that" Although lhe City of Memphis 
b ill lull compliance' with applicable> permil THJuirements. the City has been regUt'sled to 
inform the public of the following:" 

The City furtlwf p",poses that to meet the requireml'nj,; that the sign aL Outfall OOl include a 
\\'arning:o n!cfl'ationc\1 users regarding the potential human health ha:t..ards asso;ci~1tC'd with 
th~ I\on ·disinfected treated wast€wat"r thatlhe sign include.1 glass of water with a red cirde 
and diagonJlline through it and the statement" Avoid ingestion of nWf waler." 

In addition, whi'<' the City i~ willing 10 coordilBle with the Memphis Environmental Field 
Office to address thl' actual number and location< of thes", signs, the City is not wiJ:ing to 
waive its due prOCL'>' right aT necessarily deicr to the opl.nior. 0: that office should ther., be 0 

di5<1greement Should a disagreeml'nt re.ult, the City recognizes that the NPDES pennit 
would n(','d to be amended to provide the City its duL' process rights associated with the 
pntticulars. 

Disinfection Hyproducts. Ihe lan~uage of th" additional permittee submittals (Section 35.1) 
is' illsuffwi"nLlv defined regarding which pokllti.1 di.,i"J,,:tion byproduct, will b" included in 
the l'V~hlations. During discussions with IDEe on lh,' 2009 rl'visc'd draft permit (see Jetter in 
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Attachment D ,ummarizing these discussions), the City agr~'tl to develop a list of DBPs of 
possible concern as part of the disinfection study, and will provide the list in the Disinfection 
Study Work Plan. 

In the CUlTlmt draft permit, the City is concerned that as wrilten, the language is wide open in 
that the permit would require the City to provide IDEe with "the types/ amounts of specific 
chlorinated byproducL< species to be in the OutfaJJ 001 and how newly generated byproduc~ 

are related to TRC" Thus, it appears that the draft permit is requiring the City to invc'Stigate 
the universe of potc>ntial of halogenated compounds that could result from chlorine 
disinf~'Ction, rather than have the City propose DBPs of posSible concern as previously 
agr<--ed. 

The City should only be obligated to investigate compounds for which a known effect that 
relates to designated uses of the river, and th~'Se compounds should be identified in the 
pt'rmit helOl''' the studies are initiated. F(1r in.~tance, the study should nol include compounds 
only known to have a human health effect through consumption of WOller as (1) Ute 
Mississippi River is not designated as a water supply and (2) incidental ingestion of water by 
r<'Creational"'ers does not meet the exposure conditions for human health effects (drinking 2 
liters a day, every day for 70 years). Similarly. the study should not include compounds for 
which water quality standards do not exist as there is no basis for evaluating whether 
presence or cOllcentration of the compound poses a potential impact. The study should be 
focused on a list of compounds identified in the draft permit and not be an academic exercise 
to identify halogenated compounds thai could result from chlorine disinkoction. 

Treated Effluent Transport/Dispersion Study and Mathematical Model. The draft penl1it 
(Sl-'Ction 3-5.1) requires treated effluent tnmsport/ dispersion studies if a chlorination 
disinfection system is selected. The study r..quires that the City: 

•	 Defin(! the lateral, vertical and longitudinal extent 01 the Outfall 001 treated effluent plum" 
within the Mississippi River under varying stage, flow and velocities, and 

•	 Develop or use an existing mathematical model to predict treated effluent 
transport/dispersion characteristics within the Mississippi River. 

•	 Provid" a summary that includes study objective.s, procedures used, data in terms of results 
d monitoring and modeling, mitigation measures, implementation plans, schedules, 
concIusion~ and recommelldations. (The summary must also address a diffuser: comments 
on a diffuser ar(' pr(Wided ,*,parately below.] 

First, thl' City contends thai these studies ace not !1<''eded and requests they be dropped from 
th,> p,"rmit. The ralionale provides no basis lor their inclusion in this permit. Notwithstanding 
the request to remove this reqUirement from the pennit, the City has developed detailed 
comment5 which are provided below. 
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Th" purrose of theS<' studies is too Vilp'e; to wil: -" hdt specific probl(~m(s) or pot,>ntial 
~'f()bl"m(s.\ is !xing studil~? ""'hat is the mitigMion me",ures being evaluilted 10 miligat<~' 

wh~: imrl"mentation plans and sche<Jules are being '"llgllt? 

;'h~ f('<jllirelllcllts of the studies are too general and open to bwad interpretation - Wh~1 

:.~age, flow dnJ Vl!lodty eonditilH1S are to be evaluatpd! \Vhy would it be necl?SSclry to aSSess 

conditions oll"'r lban the r~gulatory specified low flow condilions for developing permit 
limils' What is meant by extent of the plume within the riVeT (ie., when is mixing suf{icientto 
notnc"d to ilientii) the plume's location)? Without clarity on thest" issu('s, a largeted, mst
eff"dive study cannc>t i:'<' de'ignerl. If this provision n'mains in the permit then the prof;1"ilm 
should be wdl defined and approved to allow for the h,,,t use of limited resources. 

I0 establish a monitonng program that mt'ets sampling o':>jccoves, the details of the 
monitonns pwgram should be agreed before "ilY field ,n'rk is started. Thus any monitoring 
w"rk shollld follow :he steps of (1) agreement on objl'ctiv<'S and interpretation of r!'sulls, (2) 
dC"ign ,1: sampling program to achieve tho,e object;'·"s, (3) submittal of sampling pmgra:,' to 
tht> d.ivision, and (4) approval of sampling PTOETtlOl by the division_ A reasonable tin1efranl~ 

is net"'ck-d to ('tHnplele this work. 

And finally "nthe field stud I"., the City is the prc'cess of discussing mt>dificali<.ms to the 
existing outfall pipe' with the regulatory agenci"'. Any field work to ('xanune Lbe l(Jcatio~ of 
Hit" p:ume 10 HlP river should await complebon 0: UtL'S-(l improveTnents 

The same is leLl(' for a mathematical model; "'XTW potential issues related In thl' plume's 
I,xati"" (e.g. bad..flow up the Wolf River) will require at least a 2-dimenslonal hydrodynamic 
mode'; and possibly a 3-dim..nsional moc!el oi :he riVCL The data collection required to 
ck"elop caUbrati"11 t"rgets is extensive and ".xp,'nsivc, particul"rly if the conditions of interest 
(.' ..;., high nnw, ,',using a backflow up the Wall IZlver) we UllwmnlOn. Data collectIOn would 
indll<iP (1) obtaining detailed bathymelry, particularly at the \'\'olf River confluence; (2) 
nbliiining vl'lcJcity (n~~;;J.surl~lncnts through either m(K,red instruments or acollstic Dopplf'"r 
tl"ilnSt'cl ~l~rY('y:':, including under high flo'l,'I/ cunditicms when safety issues fen oper,~tkms frm.TI 
bOdts or pot('lliial damage to moored instruments from debriS f10w in th.. river will be (fuei"l; 
and (3) possibly cond "cling dye-dilution studies, which could be vcry expensive and 
potentially unfeilsible under high flow conditions. Further the rVlIssissippi Riyer hed i' n(>~ 

,t"b1e and the presence of shoals and S<lndbaro will "fleet the hydrodynami<.'S in :he rl,·cr. 
Th""'fon', simi'ar to the field studies on defining ti,e extent of the> plume in the ril'er, the 
ohj,xlives of any mathematical llIod,,1 .;hould be agreed before> the work is starlec! ... 
rnonitoring plan "'hould be defined and agl'l~cd~ as should the :sef~ti{)n of lhe rnoJeJing 
appro;Jch. A l"pa,sollilble timeframe i~ also n("(lut'd to (On'plelf' lhis work. 

Diffus.r. Tlw draft p,'rmit requires thl> City tll adelrL"" an Outfall 001 diffuser(s). Thiq 
requin...':-:1cnt is ..,1:;0 va~"Je and it is unclear what i1clior:.:; \vouJd bE> necess..=try to aBo\"\' thL1 

cundition to be meL Tht;! City t\~cognizes that ~n effluent diffuser co~ld hh,"e.:t;f' lhe initial 
dllul:on ,It tilt" dis-charge of treated effluent. but believes that surh option dOf;'S nc.H exist. 1n 
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2009, the City held discussions \,ith the Memphis District of the ACOE about the feasibility of 
adding a diffuser to the existing outfall. The Corps has indicated that placing a diffuser in the 
Mississippi River would not be reasonable due to, among other things, the moving river 
bottom and the OCCUrrence of sand waves. The requiremenll" examine an effluent diffuser 
has thus already occurred and should be removed. from lhe )X'm'Iit. 

During the July 2011 meeting with TDEC, the City's concerns about !he infeasibility of a 
diffuser were raised. lDEe agreed that lhe permit would be modified to remove lhe 
reqUirement to addre" a diffuser. 

Antidegradation Analysis. Section 3.8 (Page 29) of lhe draH permit indtldes a requirement of 
an antidegradation "nalysis if the disinfection method 10 be lIsed at the Stiles plant will 
"result in newly-tormed Outfall 001 discharge contaminants above a de millinus amount (e.g., 
chlorinated byproducts if chlorination disinfeclion system used)." A similar provision has 
b""n added to Sedion 3.5 (Page 26). 

The City does n(lt believe th,lI an onti-dep,Tadation analysis is required where the City is 
adding polluti0l1 control and reducing potential impacts to the receiVing wall'T to meet an 
effluent limitation newll' imposed by the permit The requirement to undertal<e an 
Jntidegr"dation analysis should be deleted. 

Not\\'ithstanding the City's belief thaI an antidegradation analysis should not b<.~ required of 
th" permittee, the City provides additional comments on the draft pennit conditions. The5<! 
additional comments are proYided without prejudice to the City's position stated above. The 
City rcquests that furlher guidance be provided about whal conditions constitute" passing" 
HlP de mi"imi, test ior an antidegradation analysi<;. Tennessee regulations (I~u[e 1200-4-3
.04(4) define de minimis for several conditions (discharges other lhan domestic wastewater, 
waler withdrawals and habitat alterations) but do n"t include a definition applicable to the 
Stiles plant's discharge (discharge of domestic waste"'alf'r). 

The City al<;o notes that requiring an antide/,'1'adalion analysis for" newly-formed discharge 
contaminanls" is too broad, and thalIa the extent an analysis can appropriately be required, it 
be limited t() parameters for which water quality criteria are found in the Rul!' 1200~1-3. 

i he City discussed the antidegradation r"luirement' with TDEC during the July 2011 
meeting. TDEC agreed that the Tennessee regulation., are not specific about the conditions 
for "passing" lhe antidl'gr3dation analysis for a domestic wast,'water discharge, and stated 
thallhe "passing" condition should be the same as for "discharges other than domestic 
wd,tewater." TDEC also agreed th,ll the analyois would be' limited to paramelers wHh 
eXlSling water quality "riteria in Tennes"-" regulations. Should the pernut appropriately 
impose any anlidegradation requirements,the Cit}' re4"~sls that !h5e clarifications be added 
to the next ver,iol\ of the Stiles plant permi!. 
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Comments on the Rationale 
Some Issues Identified in pennH rationale are presented below. As the rontrofling docunwnt 
1> Lhe NDI'1:5 permit and not the ratil1n,,1e, we ;,,,,,, focu,ed our review on tht" ,,,PDES 
p<,mlit. 

A27. Total Nitrogen and Phosphorus Monitoring Requirements 

Page R·12 of the Rationale providl's a discllssion of th" monitoring requirements for total 
nitrogen and total phosphorus. The reasons provided in this sect;o!' are not r""50nablt~. The 
logk provid,'d in ti,., Rationale {or TN and TP monitoring, as the City underiiwnds it, along 
with om [ommen:, (in italics) on that logic is explained below: 

I.	 Th(' monilnnng rf'quirement5 are impos,,,,1 i'UTsuilnllhe joint St~tc/ federal 
yHssissippi l~i\'er/Culf of j\!Jpx1cO \Vatcrshed ='Jutrienl Task Foret'. Our l'f'Vle!i' \~l thr} 
f;7Sk f(.,rc~ dl';:WUfJlf<-: fmmJ fhta they rl?'"O rmncmj ;mpriJ~lefi Irlonitoring throux1umf the! cr1si!z a5 
!l(Yt.'3S~,!/ tv "fhieve tlte goal of redricr.zg. ml[i,laiilLg, I.wd canfmlJiuglryptJxil11H the GlIU. in 
l~dditwll, !Nlsin states arc ('aUfd upmt t~ ~;~kc re:ipmL:,-ihifity {cH" in!"rea~t"d monitoring mrd 

idr·/!ti.Hf"'JJiIJH nf.,oL/rces (~f twlneHI iO!Hb. Tlrere i:. nJf.. Jwwer:er, Ll m..t:lndate for ~taIl!s to impo,;;.e 
r1lCJ!liloring [il'j permittees (A~ stated in Ih{~ Rflth'i!1i41t'. 

FI'A lwei."es that Sl",tion 308(a) of tho U',l/l \VJter ;\ct provides brnad ,llIthority to 
rt'quTYf' llulrienr rnonltoring. V\-~t1n,~ "r:(,~"(l:l ,.wx :~t the Ciefl/1 "Vide'f Al,-J auiltori::es L'PA frr 
};ir1!;::./l !1~ft")rlH~tfcmJ condui'f Mwu.iturinx, t,:tc., aiis prLJces~ i~ initiated by EPA i~SHinS!1 308 

,I'~i?r{!!~:! !cUr'f. To our kl1ow}edxe, sitch a teller has !!Ot veen is,:ueu to di~cha.rs~:rt' itl the 
iVl;'~si ..~:jflf'i RiH.·" Basin_ V\,fit1wul il syHchr(Jni::ed ~ffiJrt "y all dischl1rSf"r::' ([l'iiO 1!:;t;e (:onmml: 

mO!iiterh,x n':l{~irt'mr~Hi~). til.{' ~'lI't"d gO:11 ~fIli.1S_.,cs .... ing curnmt point scurr/! l(ladittg<" i.pill nO! 
be met T7w CitjlPilf 1W,.tiL'ir:af( 7J,l!rell req:..lired, in it ba$jll-;i')i~'ieHI'Hlrtorirlg ptl)~nl.·~,'. A~ '!tllr.h, 
inc mamt()flllg Ti!i/LJ ifPHlf'n is (!.f flU trif:uts ::;'wuid be remm.'i'd from the permi t 
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A1TACHI\IEI\T B 

IMPOSITION m- NARRATIVE COLOR CRITEIUA AS A PER\llT CO:'\DITION
 
IS I""PPIWPRIATE AND WOULD BE "VOID FOR VAGlJF.NESS~
 

The current NalJOuaJ Pollutant DislOharge Elimination System ("NPDES") permit for the City of 
Memphis' Stiles Wastewater Treatment Plan I ("WWTP") issued March 31,2000 contains a 
vague llarrath'e standard [or color and provides. 'The wastewater dislOharge llwst nof cause an 
obiecrionable wlor contra.,t in the receiving slream." i (Emphasis added) III eonlraSI, the 
underlying State walcr quality criteria for recreatilln uS('s provides: There shall be no color that 
.,. will result in any objectionable appearanlOe 10 the water. considenng the nature and locat;on of 
the water. (Tenn. Code Ann. §J200-4-3-.03(4)(d». 

EPA has assened, based upon their revie\\ of Google Earth pictures' ami an on-sile inspection of 
the discharge that the City of!>lemphis' discharge is in violation ofthe narrativc L"<llor 
requirement in lhe NPDES permit. In discussions with EI'A and TDEC. neither entity lOan 
identifr a specIfic CUI-off value for acceptable "CLOT (i. e.. in compliance) under Ihe slan<:lard. "Ihe 
City ()f Memphis and ils underlying industries. as SUCh. do not have an objective standard for 
dctermining whether their actions would be in colllplian~e wilh the underlying narrative 
standard." 

DISCUSSION 

The Supreme Court has fOllnd a stalldard to be void for vagueness where it "failledllo give a 
pcrSO[l "f ordinary intelligence fair notice Ihal his conlemplated condllct is forbidden by the 
statur,'" .." Papachrist()u v. CiTy ofJacksom'iI!e, 405 U.S. 156, 16~ (1972). See aL.o CiJy 01" 
Chicago v. Morales, 527 U.S. 41. 45-46 (J <)99) (Ordinance invalidated due to tbe "uaccrlainty 
aboul the scope of. .. [ ils]coveragc."); Kolcndcrv. Lawson. 461 U.S. 352, _'61 (1983)(Ordinance 
inl'alidated as vague "because it encourages arbitrary enforcement by failing I" describe with 
suflicient particularity what a suspect mU;;l do in order [() salisfy Ihe stalllte."); Gmrncd I'. City o( 
Rockfiml. 408 U.S. 104. 109 (1972) (A standard is deemed 10 be ,·ague. and therefore void, wh.m 
it. "lrJpIS]lhc innllcent by not providing fair warning,"); U.S. v. Harriss, 347 U.S, 612, 617 

: TIt\) existing 1".'"PDES r(~nnit for the TE. M.3xson ("Maxl;on'·) \lia.;;kwa1cr TrealIn~nl Plant ~ol1tains the 
same lari.gllage. 

:: With color belug the underlying issue, catibration of the underlymg mOllltor used to view the Goog1e 
Earth pidures, would be essential. EPA, however. has nOI asserted thaI any c.alibJdled equipment WJS 

usetl to assure that the COrOT viev.'ed y.:a.,,; indeed. repn:scnlath"e of the color discharged. 

, ll:e AUgllst30, 2010 ,lraft permits fin both the Stiles 'VWTP and Ihe Maxson WWTPs propose to 
chang.,;- lh~ color pennit condition to prnvide that "[tJhe wa~lcw~ler drscharg.e shall n~)1 C?lIS.~ ,1 d:slind 
color clmtrast ... ill the receiving ..... alec'· While such proposed approach alsu suffers [rom "void for 
\agucne_.;;~:;· <!:-. fl1nher discussed ir; thls Auachment there arc additional CI'mcern~ .is'to(iared '''''ith TDEC 
arbitrarily converting tl,e rcguJarory narrati\'c nileria into ~nother rnur~ -Slringent nanatIve reqUlreml'nl in 
~h(~ dran permit. ~ () appropriate basis hJS bee-,ll idt::tltificd fur -"uell changes. 
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i Iq54) ("The con,titutional requiremenll1f del inilet1C'~ i, violated by a lTiminal stat~te thai fails 
tu til' < a persun of ordinary intelligence l:m nOllce that 1115 ClJn!emplated conduct i, li"h:liden h~ 

the ,~a:ute. 1he underlying principle i.> that J1(' mao shall be held criminally responsible Ii" 
cooduct which he could not reasonably understand to hc pruscribcd.'·). 

Addltl,'~aJl}, Ihe Tennessee Supreme COlift and thc UllIted States Court of Appeal, fur th" Sixth 
Clfcnit have mwtumed ordinances based on Ik "void for vagueness" standard. S~e Cify oj 
Knorvjff" ... Entertail1ment Reso"rc,·s. I.Le, 166 S, W,3d 650, 1159 ITenn. 2005) (Overtuming" 
wning ,>nii'lance lor failing tll provide an "aniclllahle slandard" and failure to spe~ify tbe 
prohihiled arts);" IMnardwN l', East L(1I1Sil1g. 896 F.2d 190, 197-198 (6th fir. 1990) (Ruling 
that a portion of a Cily ordiilance \\iilS void for Higueness as it did not "include sufticicntly 
explicit and limitltlR 'taml"rds."). Belle Mm:r Harbor <'. Charter Township o(llwri.,·orr, 170 F.3d 
553.559 (61h eir. 1999) (Slruck the lerms "or liS delcnnined by the inspecting officer" from all 
(,[(Iinancc as Ihe terms were unconstitutionally vague as "a pcrsonllf ordinary intelligence could 
[not] rkttermine ti'om this standard the proscribed conduct which could lead to criminal 
sanclion~,") 

As such. the determination to be madc by OrIC s~e"ll1g I" chalkngc a regulation as 
"onstitutiu,,,,lIy v"id for vagueness is whether tho mle warns individuals of the potenlial 
coltseyucn,'e ofth~ir conduct. JorJ,m \'. De GeL'I'};". 341 l' ,So 223 (1951). Where a statutory 
provi"inn, regulatjo:l! or ordinance faib 1.0 dll so: couns hrl\:C held it to be invalid for vaguenes~. 

In IhlS instance. the narrative pennit condition. "hich lail' to prol'ide the City of Memphis (as 
well '" inJuilrial U,"-'IO subject to the "pass lhroul'h" prohibitioa 01'40 C.F.R. § 403,5(a)) with 
dc", wmplia:lce Illstructions on their color (hscharge is void tor vagueness. 

APPLICATION OJiTHI:: YOID FOR VAGUENESS STAl'iDARO 

ProvisiollS, involVing environmental standards and wh~re language similar to the "objecticlllahlc" 
lallguage has been used, have been smid' down as "void for vagueness." 

In Llilla I. Cify o{Vly.'"sn, 28 Knn. App, ;lei 413 (Kan. Ct. App. 2000). the Kansas COilrt or 
Appeals hcld that the challenged CIlY's noise sU1adard, based upon "arilloying or disturbing !O 

othe,s" (Similar to the Tennessee "objectionablc" standard), was constitutionally vague, and 
therefo'e. iIll'aIJd, The ordinance read: 

It ~hall be unlavY-ful for any person tp nwke {IT cauSt.' ur pemlit to be 
made IIpon any puhlk or pri"ak property including publie slreets. 
"1I"y,, Uw[{)ughfares or pnrks. any unnece,,",ily loud or exc-essive 
r.(~isC' or sound \\"hich is physically or meutally am1OJ'ing or 

dislllrhing to anothe' person or persons Ilr which disturbs the 
peace', quiet or comfor1 of (lnother I}er~on or p~rsons. Id. al414: 
iEmph3sis added,) 

~ The Ten:ic,:;,ci' Sllpl'eme Cou.rl h:LC; also applied :h~'" 011'1 I~)r \·agueae.s.s" .;;:tand.ard in ,slriklllg the terms 
"CXCl2'~" \'JolcJ1l'e" from a criminal statllt~. as \he'Sr:. l::rn;$ W~fe aho found (0 be unt:onstltlil1ow:l.lly Yi1g'JC. 

DCH'!s-K;dd Boo/He!/ilr.'! \-'-. -"vIc Wlu:rlc;', Hdj S.\\",2d 520. 532 (Tl;~nn. 1993). 
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Th'~ ('elilioncr ch~llcnged the ordin~nce, claiming that Ole term.' employed by the ordinance, 
"Ioud," "excessive," "meuta][y annoying," and "disturbing:' were all lackmg in objectivity, ~nd 
therefore, \'oid for vagueness. Id. In ilS detennination that the standard tailed for vagueness, the 
court applied a les( much like that applied in Han-LIS and Kolenda. The court held: 

In determining whether an ordinance j~ void I'OJ \agueness.the 
following two irrguiri,;s are appropriate: .( I) whether the ordinance 
give, fair warning to Ihose persons potentially subject to it. and (2) 
whelher the ordinance adegualely guards againsl arbitrary and 
discriminatnry cnforcemcnt.· Id at 415. 

After reviewing the ordinancc in light of the aforementioned factors, the cOllrt concluded thai thc 
standard was unconstitutionally vague, as it did not "givc fair warning" and fuiled to provide 
"('bjeetive standards." Id. al4 [6. 

Courts have also applied the vagueness standard 10 narrative wawr standards. In S,mpson 
Taco/lla Krajl Co. >'. Oep'l ofEcology, I] 9 Wn.2d 640, 644 (Wash. 1992), the dischargers 
chalh:llged lhe \Vashington Department of Ecology's ("DOE") implementation of a narralive 
waler quality ,tanuard. The State's pcrtment narrative criteria re:l<.1: 

Toxic substances shall not be introduced above natural background 
levels in waters of the stalc which may ... adversely al1ect publi,' 
health. as determined by the depanment [of Ecology]. Id 

The PlaintillS challenged the underlying standard as being void for mguencss, as w<ll as the 
Statc's establishment of numerieal1imits for implementing Ihe narrative requirement Wilhoul 
und.:rgoing applicable rulemaking procedures. It is noteworthy that the Superior Court found the 
state's narrative requirement to be unconstitutionally vague, as well as holding that the state 
lIceded to adopt its implementation procedures through rulemaking.' ld. 

lIke the Superior (\'Im in Simpson Tacoma, the Kansas Suprcme Coun found 3 walcr statute to 
be undoly vague. SWe v. Lackey, 232 Kan. 478 (Kan. (983). In Lackey, thc Slme challenged 
the district ~()urt', delennination to dismiss a criminal complaint against Pelition~r for an allegcd 
violation of Kan. Stat Ann. § 55,904(a)( I) which provided Ihal it is illegal 10: 

Dispose of or eau.,e the disposal nfsalt water or waters containing 
mineraN ;', 011 appl'eciable degree produced in conjunction witb 
Lhe prodUCtion ofoi I or natural gas except in the manner and 
I()c~tions prescribed by K.S.A. 55-1003 and K.S.A. 1980 Supp, 55
901 and rules and regulations adopted pursuant to such sec;ions or 
as provided by K.S.A. 65-161 to 65-171 (f), inclusive, and rules 
3nd rcgulations adopted pursuant to such sectiOn>. ld (Emphasis 
addcd.) 

, On appl'al, '[he \Va.s.hington Sllpremc Court struck dm'Yn tht"'" t1llin~ri('al standards due te DOE's fililur~ W 
adopt implen"lcntatinn procedures through proper rulernaking. and. In light of such ruling. vacated the 
'l,oid for \.'agllene~s ruling (is being gratwlous and unnecessary. 

·3 
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I'eliti"ncr had been foun.d in viola. ion of the stature as its tank lfilck operalor had dumred saIl 
water onto a counly road. ld 'rhe trial court vtJid~d the ~I,.atute, as it was found vague: and 
lacking in dcfmitjoll of "minerals in appreciahk degree." Additionally, the Court held that Ihe 
';L:1l1dard was lou \"ague as '~all water C'ontai:ls som.~ salt and minerals in some de~::,rcc:' Jd. at 
-1Rti. The Coun, rrimarily foclising on the term "appreciable," upheld the lower ellurl', nilmg 
thai the standard villiated the requirement of providing the regulaled community with "fair 110tice 
of wtmt is prohibited" beeause the lemlS employed ill the statute were tuo vague. Furthcnnorc, 
ihe Supreme Court held that "[flundamental fairness is the lou~bslOnc" and that any such 
violati..,n of fairness would render a statute void fllr its failure to provide the regula!ed 
community with a clear standmd ofrC<:]uired perfonnanee. Id at 481. 

Similarly, in Hometown Properries, Inc. v. D.E./H., 1989 R.I. Super. LEXIS 132 (R.I. Surer. Ct. 
1989), Ihc Pe!J!Jtlner challenged the Department ()f Environmental \:Ianage.ment's ('01'.\:1") 
demal of a rWTl it rCTlewal and request for cxransion of their solid waslc lacih ty. .....fter several 
years of successful and compliant oreration, I)EM denied Petitioners 1987 application for 
relieensiTlg, claiming that PetItioner had violated the Stale's groundwater statute ("208 statute"). 
Id at 15. The slallllC read in part; 

No persoll shall dispose nfsolid \\aSl~ l\!\ or in the gr01md 
overlying grooodwate:r reservuirs or groundwater recharge areas, 
as idmllified 011 a map entitled "State of Rhode Island '208' Area 
wide Water Quality Management Plan - \....ater Related Sensitive 
Areas" prepmed hy the Statewidc Planning program Id 

DE..I denied the pem,i., claiming that the Petitioner'S failure 10 demonstmtc that the ex.pansion 
of their tacilily wonld not affect any potential underlying groundwater sources was a ,ic,lat;on of 
the 208 statute (the statute placed the burden ofproofoJllhc applkanl). It!. at 12. Th~ court held 
that the .latute was unconstitutionally vagu<', as it was; 

[T]erminally ill, constitutionally sreaklng ... [and [Ihe key terms 
ofloc 208 slatute are ddmed neither ex.plicltly nor by reference to 
other materials ill a fushion that would pen11it a person of ordinary 
intelligence to do anything but gUess as to whetller a particular 
locati"" fall5 within a groundwater recharge area as set forth in the 
aeL ld 

Heeau'" of the stalute's deficiencies, the court overruled LlEM's denial ofPelitioner's re{]lIest for 
the jlemlit, therefore, gmnting the permit. 

These ,'a,cs demunstrate that courts will find environmental laws and regulalions which fail to 
adequately illfonn Ihe publie of the seofJC of the regulated activity void for vagueness. As such, 
nlks. induJing those regulating water di',)chargcs. ctl.: .. which claim to regulate lJn~itic~ hased on 
'\lbjcclio!lable criteria" and fail to provide reglliated cnmmunitles with 1110re pre~isc direction, 
\\ ill be ovcrtumctl as unc(mstitulionally vague, c.5 the)., fail to provide the 'pen-am of0rdinary 

-4

EPA-HQ-2019-004783   001337



Memphis-Maynard C. Stiles STP (Addendum to Rationale) 
NPDES Permit TN0020711 

PageAD-42 

inlelligencc fair noticc that hts contemplated conduct is forbidden."' Papm'hrisro/l ... Ciry oj" 
Jacksonville. 405 U.S. 156 (1972). 

co~nXSIO!'i 

In light uf the cases discussed above, imposilion of a narrative requirement in the City's NPDES 
[",rmits will be found void for vagueness as it is lacking in preciseness, fails to adequately warn 
lhe City (as well as its industrial uscrs lhal would be subject to the "pass through" prohibition of 
40 l'.F.R. !l403.5(a» of the proscribcil behavior, and faih to provide adequate standards. thereby 
l"iling 10 a'l.SUTe "enforee(ment] [of] the law in a nUll-arbitrary, non-discriminatory manner." 
KuJ"nder v, Lawson, 461 U.S. 352, 357 (1983) Neither The existing nor proposed narrative 
color permil condition (or other namltive pennit conditions) should be included in the Ciry's 
final NPDES pemlit 10 he reissued. 
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ATTACH:vJE\T C 

l'I<:R:vJlnlNG REQUHu::m::\TS FOR CO\IPUAJliCE WITH 
NARRATIVI:: WATER QIlAI.lTY CRITERIA 

The City of Memphis' (Ihe City) Stiles ""slewater treatment facility ("Wwn") i., subject 
10 all NPDES pCTIlliL which cOlltams the llllJOWlIlg n:mati'e rcyuircment pertaining In colur: "The 
1,\'i:Jstewatcr discharge musl not cause an o!Jje.ufIlnllbJe l.'o[or contrast in the re(;eiving strcam.~' I 

(E.mphasls added). While the Envlfollmenldl Protection Agency (EPA) and Tennessee Uepartl1lclIl 
"fEnvi"'nmental Conservation (TDEl) have alleged that the City is in violation nllhe Stile.,; 
NPDES permit cn[or narrative standard, neither EPA nor TDEe have been able 10 iden:ily how 
mu(:h color is .eceptable and what controls mu" be achieved in order to be deerr:ed in comrlianer 
\\lth IhL: vague naridllve standard. This ambiguous limit is pmblemallc as there i~ IH) dear way La 
gaug~ lhc City's compliance wilhin the subjccli\l:~ boundaries,2 

The August 30, 2010 draft ~I'J)~.S pWJ1I1 Illr the Stiles WWTF proposes to dlange the 
narrative color permit requirement to: "rrlhc ..va~cwatcr discharge shall not cause a distinct color 
cnntmsl ... in the rccl:iving water.") T'here IS no basis for imposing 3 prohibition based upon a 
"dislincl color contmsr.·· The underlying water quality crilCTia for recreation useS provides.: There 
shan oc no color thaI ... will result in any objectionable apremnnce 10 the water, consiJl'fing the 
nalure and location L>f Ihe water." CI enn Code Ann. § 1200-4-3- 03( 4 led)). There is absolutely no 
basis for concluding that all dislillct CDlor contrasts would be objectionable considering the nature 
and location ofthc water. In other contexts, TDEe hoo ..:lucrlaken a '"eolor ran"!'· ami Cl>llcludcd 
lh;J1 a certain amlJunL ofchange or contrast in the receiving Wd[~r dUt" to a discharg~ is nol 

obJeclionabl~. Forthennore, this draft permit condition wDuld potentially penali?e the City if its 
eilluent was more natural in color than the receidng water. Surely, the City can jl1" approprialdy 
be deemed to be in violation for diSCharging water thai is 100 clean' 

lk,pitc the inherenllimitalions olthis vague limit. Ihe l"i~)· has hC\:n seeking to impose the 
~anh'" ~tand~Hd, lhmugh the '"pass through" standard to it5 industries. Both the City and its 
mdu~lrjc~ art: concL:rned that, in addition to any immediate m.:tiolls undertaken to imrrove the 
quality oflhe color discharged from Ihe Stiles WW 11' (e.g.• construction of Ireatmelll at an 
induslIy discharging color or a change in lI1aterials U5cd), they may later have to undertake 
addItional actions due to the fact that the "subje(:Live" nature of the stanuard CaII result in a 
··,oo\"mg target"' Conse<\uently, IlIe City has vernally rcyLtested (and in eommenrs on lbe draft 
'JI'DES permit hereby· reques!» that TDbe i,,"e a [lCntli: with numeric limitations or, in the 

_._--_._._----
The eXIsting NPDI:'S pCn'llil ror the I.E I'vh\'><.J:l C'Ma.xsor.'-"1 \\'dstt.~\\at::r Treatment Plant c~mtain,:;; Hle 

same l.anguage. 

'. Void fur nlgllenes..; issues assOl:ialed with irL:bsior.llfLhe r.arrJ.tj\"t~ :::>lap.l.brd in ~he 1\"PDES permit i~ 
:lddrt's~~J by Atw('hmcm B. nle dran narrative pt:n-::li[ cN:difl\)n:-; fl!r color in both the Stiles and \[J.:\$.()fl 

draf! NPDES pCTm:h wl1uJd he ;mbjcct t~ the same "\'oid for vagtl~nes5·· conccOiS as the t!(l:-i:;ng i\'POBS 
pennil b.ngmlge.. 

: The Aug'llSi )0, 20W proposed NPDES p;mlll f(lf ;;he J\'laXSfJll plant ~imi)ar1)' Cl)lJtarIl~ :mch la.nguage 
1 
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altemative, impose best management practices ("B/"IPs") if Ilummeal effluent limitations are 
illfcasibk In either ease, both Ibe City and irs industry should be provided with legal assurances 
lhat if activities are undertaken to meet the new pemlit requirements that their actions will nol be 
second-guessed Ul ;ubsequent permitting actions. 

These comments provide thai (I) the :-;PDFS pennit!!!!!!! contain numerical pemli! limit< 
(or BMPs, if numerical limits are infeasible) and (2) TDEC, as th.: NPDES permilLing authuri:y, is 
the cntity legally responsible for such work. 

Numerical Limits Must be f;slablishcd lfuleSli Infeasible, in Which ellS!!, BMPs Mav be
 
Utilized
 

After imposing mandatory technology-based limits on dischargers, the Clean Waler Aet 
("CWAH

) requires pcnnilling authorities to issue pennits with more stringent limitations, if such 
limits are needed to meet existing water quality standards.; This need·hased pemlitling 
requirement is borne From the express language of the Act itself. Specifically, CWA § 
301 (b)(I)(C) Slates: "In urder to carry out the objective of this Act lhere shall be achieved -- ,my 
more slringell/limitation, inc/tiding (hose Ileces.w,y to meel 'mler qUllfil)' standards, lreatment 
standard.s, or schedole of compliance, established pursuant to any Stale law or regulations, (under 
authority preserved by Section 510) or any olhcr Federal law or regulation, or reqUired 10 

impfemen( art)' applicllh/e waler quality standard establishedpur.\OUanllo Ihis acl.'· (emphasis 
supplied). 

These water-quality based emuent limitations ("......QBELs") apply regardless of whether 
lhe standard in question is numeric or narrative. American Iron & Sledlnst. I'. EPA, liS F.3d 
979, (}90-99I (D.C. Cir 19(7) {"Because narrati\'c critcria do not speciry numencallimilalious on 
the concentration of a particular pollutant in lhe water, a problem arises when it C[lilleS to 
formulating discharge limitations in pemlits. We have already mt.'Dtioned that peffilit' mu;t 
incorporate discnarge limitations neceRsary to ensure that the water quality standanls are met. This 
requirement applie~ to narrative criteria as well as to critcria specifying maximum amounts (.f 
pan,cular pollulants"): Pud }Vv. 1 ' .. Wash. Drp't a/Ecology, 511 U.S. 700,710 (li.S. (994) 
("Washington's Class AA water quality slandards are typical in that they contain several open
ended crileril.l which .. ,must be lfuns!atcd into specific limitations for individual projects."): 54 
Fed. Reg. 23868, 23871 (Friday, Junc 2, 1989) (promulgation of amendments to 40 C.F.R. § 
122,44(d)) ("foday's regulations amend paragraph (d)(l) to clarify that efflucnll.mits established 
under paragraph (d) must achieve any ~t~le narrative water quality criteria as well as numeric waler 
quality criteria.'") 

., In opting n.l,.): 10 mcludc lecimoLoRicat·based limitatwn."l and gUidelines and sianc..ard..':l for ~olor, EPA roted 
lho' e[)~or is be" ,leah ,.,.ilh on • local or ",mcrhody-sped!]e basis. 63 fed. Reg. 18504. 18538 (ApI illS, 
2(08) r'The polenti~l for sigmticaat aesthetic or aqu2Ik impacts from culm dL"Idtarges ;:-; driven by h:ghly 
.... ik.~pcC1fit: c(Jnd~l!onS and is best dealt wW) un a case-by-casc basis ihrough indi\'idliat peonTlit" _ .. ") 

2 
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While the l\PDES permit must (ontBin an cmuent IImitatioll that will en,ure tbe ret'eiving 
watcrh"d)< n:cct< the water quality standard III questioll, thi, "tran,lation" process is more dillicllh 
when the water quality standard at issue is a n"rrative. As the D.C. COUlt opined in Amer!c,m 
!'aper IriS', v. United Slal~s EPA, 9<)(, F.2d 346 (D.C. (If. 1(93): 

When the standard ITldudes :1Umerie criteria, the process i, fairly 
slrHighlforNard: the pem,it merely adop~ a limitation on a point sourc,~'s emuent 
discharge necessary to keep the concentration of a pollutant in a waterway at or 
helow the numeric benchmark. Narrative criteria, however, prescnt mnre ,liHicult 
prohkm,; How is a slale orfederal "PDf'S permit "Writer to divine what 
limitations on effluent discharges are lJecesS;Jr)' to assure that the waterway 
cOlltajn~, fur example, 'no toxic'S in !D."<.lC amol1nt~~? r-aced with this conUndnlll1. 
some !,ami/writer, lhrew up their hands and, contrary to the Act, Simply ignored 
wat~r quality ~t;llldards including narrative criteria altogcther wh~n deciding upon 
pcmlitlimitations, 

Id at 350 kmphasis supplied). Thus, in an effort to aid pennit writers in tramlating narrativc 
sUI!l,brus into effluent limitations, It1 1989 EPA. amended the Part 1::2 regulation5 to deal I·"ittl the, 
prohlem on a national hasis. .14 Fed. Reg. 23868 "t seq. (promUlgation of amcndmeills 1040 
(' I; R. ~ I22,44(el)) (Friday, June 2, 1989). FPA dcarly indicated thaI the regulat;o;] (ie.. 
requiring the development ofnurtletical cnlncntlirnil<) applies to all pollutanr~, inrllld;[\~ 

noneonventlonal pollutants such as color' that arc regulated by l1arralive requiremenrs: 

The new paragraph clarities that an ~I'DES pemnt must limit any pollmant 
or pollmant parameter (whether convent;o:lal, noneonvenlional, or to"i~), 

includi"g whole emuent to/cicity, that is or may be discharged al a ]e,et that 
causes, has the reasonable pOlcntial to cause, or contributes to an excursion above 
any water quality criterion, meludmg slate narrative water quality edteri;l. The 
new language clarifies thai paragraph (d) applies to any pollutant whcther 
conventi,)nal, noncunvcntional, wxic. or wholc cftluent toxicity. and applies to 
excursions: above narralivil "ruler qua1itV (:riteria. nOlju~t nunleric crilcria in SlaW 
water quality standards. (Emphasis added) 

5,t Fed. Reg. nn2 (Friday, Junc 2, 1989) (promulgation of amendments to 40 l'.F.R. ~ 

I 22.44(dn. The reviscd regulations, pertinent portioas ["um] at 40 C.F.R. § 122.44(d)( I )(i) & (vi), 
werc urlh~lrl a" "rea"mab1c, authorized attempts at nec,'S,ary g~p-filling in the ('\VA statutory 
,chenle." See Amenccm Paper Illst. v. EPA. 996 F.2<1 346, 348 (D.C. Cir. 1993). Specifically thesc 
rcgulations state: 

In additi<'ll to the conditions established under 122.43(a), each ",PDES '''-''mit
 
shal! inc/ud,., conditions mceJing rhe (.JT!o ....1.'iJlg requirements \vhen applit:abk.
 

, The C"lc.1l Wale., Act Iist, color 10 be a nonCO:lvcn: ional pollutaIlt. See. e.g., C\VA ~ )U l(gl( I I 
('·\:1(ldd:l:"rilJn~ fix Cerlaln ;\'tJt1'OnVeflliww! PollLllants~' li~ts colu[ and odler pollutm:ts at' examplc~ of 
noneo\,:" l:nl iorldJ pollli~ants.} 
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[d) Water quality standards and State requirements: any requirements 111 addition 
to or more strmgcnt than promulgated cffiuentlimilations gUIdelines or standards 
under seclions 30 I, .1(14, 30b, 307, 318 and 405 ofeWA nect'Ssary to: 

(I) Achieve water quality standards established under seclion 303 of the C\VA, 

inclt,ding Sial" narrative cr-ileriajor walcr quality. 

(i) Limitations must control all pullutants or pollutant parameters (either conwntional, 
not/conventional, or tOll:ic pollutants) whieh the Director detennines arc or may be 
discharged at a level which witt cause, have the reasonable potential to cause, or contribute 
to an ellCUrSJOn ahove any State water quality standard, incilldlllg Siale nwral;ve criteria 
fur Wa/er quality. 

* • * 

(vi) Where a State has not established a water qualily criterion for a specific 
Chemical pollutant that is present in an emuent at a concentration that ('auses, has 
the reasonahle pOlentialto Cliuse, or contributes tu an excursion abo\'c a nurraii"", 
erilerion with;/, an applicabie Slat'" water quality standard. Ihe permitting 
authurity must eswhlish effluent limits u.,ing one or more ollhcfiJllowillg options: 

(A) Establish effluent limits using a cal<;ulatcd numeric waler quality 
criterion lilr the pollutant which the permitting authurity demonstrates will attain 
and maintain applicahle narrative water quality criteria and will fully protect the 
designated use. Such a criterion may be derived using a prop(]sed State criterion, 
or an explicit State policy or regulation interpreting its narrativc water quality 
criterion, supplemcrned with other relevant information which may include: 
EPA's Water Quality Standards Handbook, October I %3, risk assessmem data, 
cx.posure data, infilnnation about the pollutant from the Food aud Drug 
Administrdtion, and currcllt EPA criteria documents; or 

(B) Estahlish effluent limits on a case-by-casc basis, using EPA's water 
quality criteria, published under section 304(a) ofthe CWA, supplememed where 
necessary by other relevant infonnation: or 

CO Establbh effluent limitations on all indicator parameter for the 
pollutant of concem, provided; (I) The pennit idellti fles which pollutants arc 
\Iltendecl to be controlled by the lise ufthe effluent limitation; (2) The facl sheet 
required by 124.56 sets forth the basis for the limit, Illcluding a finding that 
compliance with the effluent limit on the indicator parameter will result in 
controls "" the pollulant of conecrn which are iiutlieient to attain and maintain 
applicable water quality standards; (3) The permit requires all effluent and 
ambient monitoring necessary t() show that during the term of the permit. the limil 
on the indicator parameter continues to all3ll1 and mainlain applicahle water 
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qlmlity stiJ.jH..I'ml'::l~ and (4) The pCITnjl cOl1wins a rcopencrdausc aHtJwmg the: 
pemlitting authurity to moolfy or revoke and reis.s.ue :hit perrni~ if the Ijmits (m th-= 
indicator parameter no longer alLain and mamlam applicahk water quali1)
::landafli~. 

·10 eFR. § 122.4~(d)(l )(i) and (vi) (emphasIS <"pplicd). 

Subsection fd)(l)(i) mandates that NPDES permit, Include more stringenl "limitations" on 
pullutanLs (including unnconvcntinnal pollutants;, u .... \~olor) which hBVC the pO:C:T'.i::iJ 1U cause or 
conlrihutc lo an excursion ofa narrati vC water qualit~y· critt.'rLon. Moreover, sc,ction (d)(l )(\'i) 
instructs the pcnnllttng authority to usc one of three different apr'roaches for tran~la{ing the 
narrarive !'Jotandard for any pl"llhuam6 inLo a IIlure stringent cnlu~nt limitation 

Seeti<m 122.44(d), however, most be re"d in conjut"'lioI1 with the olher pcnni:ling 
regulation; as tho CWA has some limited cxeeJltions allowing lor ellbmtlimitations to be wntten 
in a form other than as a nwneric concentration. Specifically, under 40 CT.R. 17.2.-44 fk), the 
permit Ilwy t:onliiin non-nllmeric effluent limlTiltion~ in the- form of B~tPsi to cnll1rollh~ di~charge 

(, Tilt:" pTeambl:: 10 the :uncnd~d rC&l\IIHlkm noLcd commentcrs.' conccm~ associated with the refer::nce to 
~':-:re~ifk dlcmkal polluranl~" in § 122.44(d)(vi). In res.pousc:. I:PA noted that the standard appLe~ tn ali 
f'il:l11t1T1t'i f1nt oth.:-rn"ise meet Ihl.: thn:shold concen~s, il "",as nuL intended tt) apply to a SuhsC'1 of pollmants 
meelin~!. (lIt' lhreshn!c: COllcern: 

Scvc:';jl commenler'i ~1id the phrase q ••• lUI "I ::.pecilic chemical POHUlW:I that is knnwJ 
to ad'\;'crs~ly <lfttel 0:- threaten human he-~1Ith or aguOItic hJe '" ... ' in proposed (vi.l nmld 
have heel re:-ld w require an efnuen11llll1l1ur 4:vcry priority pollutants, even ifth(' 
p,)llulanlls ilOI present in lht' cflluCTll. OLh~r comr.l.;nrers soid this language S~HHlld arp:) 

to dJ~;.;har~e:-. that a~ 'known or f;USpCCI"'-:U' [l) ad\'cr~eL> ar.-eel aquatic life or human 
ht!'-!.1tlt. FPA agrees that these poir.!<i I1ccdcd clarilicnliorl A!'.l a result or these comments, 
EPA amer:ded the Introductory language nrpHragraph (.vi) 10 clarlf.y that water quality· 
ha:'ied rlYuclltlimits arc requirni ouly fOI polluL<U:t5 {hat arl':· " • pr~sen( in an ef11uCI:l 
al :: ..:om:(~nlr;::.trOI1 that causes. (II h:..s th<i: reasonable potClIL;a) II) cause, or cQntrihut( to un 
t'XClU~lO:l abO\ e a narrative criterion wilh <1:1 app1 ic.ahlc- ~b3.1c namltj ve '" aler lll~<1 Iity 
~ur.dard~: This language clarifies that Y.~ltcr qLality~b,~.:)r.:d cflhJcnt limits arc rC'4:.til~d 

only for poPul,lnts prcs.cnt in ~n dlhu:nt all'om;...:ututtiollS (jof L;uncem to 11l(: permiltillg 
llLlthoTlty. 

54 I'l2d. Reg at 2;R75 I1lL1e 2, \989) . .\1oreoVlT, lb.; pn::amblc ttl prnpU'i,,'u § 112A4(d)(vi) IproPO&L:O at 
; 22.<::'-l(d)ii\:) at 54 rel~. Reg, 1300, 1}04 (January 12, 19SQ). whkh also utiliLcd the ",speci Cic chemica'· 
poJl.1tant" Language, rt':flects f.:PA 's in~cnt tw: such pro", isioTl apply L'J il ·loxic. conventional. {'r 
n0n":01l\::ntiona\ pollutant." Nm'lfhere do.:s. EPA manifi;"Sl an imenr that ihc usc (~(I:he tenn "c;pcdtic 
chemical pl-dJli:lnt" i~ somehow meHnl W b~ a SIJb5Cl ofwxic. conventional or not~convcm:1(]nal pollut.mh. 

, HVfP!>. an: ~idincd a:-. 

..schedules. Qf ilCliYllics, pwl~ihitj(Jns ofprd..:ti<:c~, rn~il\len;':':lce procedures, arid otht:r 
m;1flag~'m,:rll pracli;:c!') 10 prev~nt or redu-.;:e Lht:" pol' llTion [If \\ at~r~ ilf the {haited St~;tc~. 

1Hvll)s alsu mclude lreatmtnt requirement..:., up"~;llin[; procedures. and pntctices tn control 
,; 
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of pollutants, when numeric limjl~ are infeasible." Whereas the federal regulations would also 
allow the use of BMPs in other instances (e.g., the practices are necessary to achieve effluent 
limitations and standards) the State regulatiOlls limit the use of BMPs to only those situations 
where "numeric effiuent limilalions are infeasible and the practices are reasonably necessary to 
achieve eftluentlimitations and standards or to carry out tile purposes and intent ofTWQCA." 
Rule 1200-4-5-.08(1)(i). 

Thus, onless numeric effluent limitations are infeasIble (and the other conditions of Rule 
1200-4-5-.08(1 )(i) are met) TDEC must translate narrative standards into numeric limiI5.~ 
Moreover, in making this translation, 40 C.F.R. § 122.44(d) limits the Stale to three options to 
conform to this mandate. If, however, numeric limits are infeasible, TDEC is not free to merely 
parrot the narrative standard into the pennit for later interpretation (or to make arbitrary changes to 
the narrative requirement and include such changes in the permit). At a minimum, lDEC must 
inlerpret the narrative standard and impose BMPs which reslrictthe amount or concentration oflhe 
pollutant emering the receiving water. This need to interpret the standard narrative standard was 
discllssed in American Paper Ins/itute, where the federal Court of Appeals for the D.C. Circuit 
court stated: 

I he general language ornurralive criteria can only take the penni! writer so far in 
her Lask. Of course, thaL does nOI mean thallhe language ofa narrative criterion 
does not cabin the permi! writer's authority at all; rather, i/ is an acknowledgement 
that the writer will have '0 engage in some kind ofinterpre/mion /0 deter",ine 
what chemical-specific numeric critericr-and thus what eDluen/limitations-

pl.nt site runoff, spillage or leuks, sLudge or waste disposal, or drainage from raw 
material storage, 

40 ('.F.R. § 122.2. 

., EPA regulations a!low BMPs to control Or .hate the discharge ofpollutarlts when: 

(I) Authomed under see'ion 3()4(e) of the CWA f,>r the control of toxic pollutnnts and 
hazardou., substances fromaocillary industrial activities; (2) Authorized under section 
402(p) of the CViA for the ""nlro! of stoon water discharges; (3) Numeric effluent 
limitation~ are infeasible; or (4) The. practice~ .arc reasonably necessary to achie\'c 
eflluent limitations and standards (lr to carr)' out the PU1Jloscs and intent of the CWA. 

40 C.f R. § 122.44(k). 

, Funhennorc, by rule, Tennessee's Water Ql1ality Control Board is reqUITed to adhere 10 several 
.."nsiderations relaled to water quality. Tenn. Comp. R. & Regs. 1200-4-3-.01 "The following general 
cllnsideration.c; and criteria s.hall be us.ed to dl'1ermlllc .. _lhe corrective IDl.:a:ilures re-quired to control 
PO!llI1JOIl.~·). One ofHle~ l;onsidcrdtiorlS includes the requirement that Tennessec's V/ater Qualit)' Control 
Heard adlu:re (0 EPA's regulatIons and guidance related to the iraerpretation and application ofnummvc 
er:ten" (e.g, § 122 44(d)(l)(i) and (vi»). Tenn. Compo R. & Regs. 1200-4-3.02 (10) ("In,erprc!ation and 
appJkation of narr:.nive criteria shall 00 based un available scientific literature and EPA guidance .and 
regulatior.s...) 
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ore mO!it con.<d~l(mt '\1-'lth the :;:1£1/(,<<; iruelll as evinced in its generic standard 
(I:mphaSl' added.) 

AmUlccm Paper '''''I. v. EPA. 996 F.2d 346. 3:" I (D.C. Cir. 1993). With respect to the city's 
narmti'e pcnnillimit for color, it is clear that from the existing and proposed pcrmit conditions for 
color thaI IDEe i, n(1( adhering to the statutory and regulatory obligalions discussed abo'e. 

In a deei,iol1 somewhat related 10 Ihe issues discus;.cd in thIS attachment, the Tenn;;ssce 
Waler Control Board simIlarly recognized that, as a matter of law, numeric limits were not always 
rC4uired under the ('WA or the Tennessee Water Quality Control Act (TWQCA). In Ih.· Maller 0/ 
Tpnnelwe Clean Waler Network, Tennessee \"ater Pollution Control Board, Doekel ~o. 04.30
1056121\. April, 2010 at 15 (order granting in part and dismissmg in part eross-mOlion, f"r 
summary judgmcnt) In this decision, Petilill:,wr alleged lhal numeric violations must be included 
in a penn;t issued to cllrtaillhc 8tom"vater run"l[ as.socialed with a construction site. Although 
:ho facls in that case were distinguishable /Tom the present· the receiving waters \Vere impaired 
I()[ siltation and the temporary eonstruclion was expected to re.sult in additiunal scdiment into the 
watershed _. TDEe's defense of the non·numeric limit, is enlightening. Specifically, in arguing 
t)lal non·numeric limitations were appropriate. IDEC ne~er argued for an approach which allowed 
the permit wri~er I<J merely recite a ~'aguc and subjective narralive slandard back illto the permit. 
To the contrary. TDEe stated, and the Board agr~ed, that it had amhorit)' ttl estahlish BMPs under 
sevcral ditTerenl state and [L'lieral provisions and that thc B~1Ps, Ifcumplied with. would achieve 
tbe allocarion> set fonh in the applicable TMDLs to res lOre the biotic inlegrily oflhe scream. ld 
TDECs Response in Support for CM~1A's Motion [ur Summary Jlldgment. at 4·g. 

In summary, the CWA, its implementing regulali"us, EPA's pcrrr.itling guidance, fedcral 
case taw, Tennessee rules. and TDEe's "wa avermenls to the Tentless"" Waler Pollution Control 
BoarJ all require the City's NI'DES requirements [,,[Co1m 10 contain more than a recitation o[the 
Slate's narrative slandard. Individually, and eoHeetively, lhese authonlies require the permi; to 

include a lin:;: Or restriction whieh best interprets the stare's general narrative standard. In taet, 
LI'A', regulations set limb specific procedures for translating the narrative standard i~:o a ~umeric 

standard in these situations. Moreover, it' such a numeric limit is infeasible, EPA', and TDEC's 
r~gulatlon~ allow the pcnnit to include Bl\'IP510 achieve compliance with the 5talC~S nan'ativc 
standard. l"o\...·here do these aUlhofi:j~"i sanctii.Jn a permiT. which merely reSlales (or worse yet, 
arbitrarily Tl'nrhfies) the subjective and ambiguous description contained in the narrative standard. 

TDEC. a. The :'IIPDES I'ermitting AutIJorit} Has the Legal Obligatlnn to Develop 

Numerical limits or, If Infeasible, 8MPs 

In clist:u::-sions, Lhe issue has arisen as to whether the permittee or the NPDES p~nnitting 

autt,ority (ic..TlJEC) has the legally responsibility [or generatmg non-subjL'Ctive numeric permit 
limits (or I:lMPs, ifapplieabkl. There is absolutely no support for thc proposition tha: the 
perminee IS ,omeh'lW legally required to devC:op tile applicabk pcnnitlimits. The C\VA 
expressly requires that EPA, or any approved sLale-permitting programs, draf, and issue pennits. 
l'ullillg aside the (Jhvious chaos that would resllit from allowing dischargers tu interpret 
apprOpriate limits for their pCTIllits, EPA " guidance dllcument'. preambles, and regula:;on, arc 
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rcplcle with statemenls confinlling that tile permit writer is responsible for this conversion. Sec 
e.g., 40 LF.R. § 122.44(dXI)(i) referring to what each NPDES pennit ,hould include; 40 C.F.R. § 
122.44(d)( I)(iv) referring to the permlting authority's responsibility; NPDES Permit Writer's 
Manual. EPA Docket # 833-K-1 0-00 ISeptember, 2010 at secLion 6,4 ("I]"<1p.rmil wri1l!r has 
detennined that a pollutant or pollutant parameter is discharged al a levcllhat wil\ cause, have 
reasonable potenlia! to causc, or contribute 10 an excursion allow any state waler quality standal"(J, 
the permit wriler mllsl develop WQBEI.I jOr that pollutant paramelcr."): American Paper Inst. v. 
United Stales EPA, 996 f.2d 346, 350 (D.C. Cir. 1993) ("How is a stalc orJi:dcral NPDFS permit 
writerto diviM what limitations on eftluent discharges are necessary to assure thaI the watenvay 
contains, for example, 'no toxics in toxic amounts"! f'aced with Ihis conundrum, some pemJit 
writers threw up their hands and, eonU'ary LO the Act, simply ignored wat"r quality standards 
including narrative criteria altogether when deciding upon permit limitations."); Clarilieations 
Regarding Certain Aspects of EPA's Surface Waler Toxies Control Regulations, M. Cook, EPA, 
OWEAC to Watcr \1anagement Division Directors, August 14, 1992. ("When a permit writer 
interprets a narrative standard, the method of interpretation used will be available f(lr public 
comment as a part of lhe pemtit and typically may be appealed through administrative and judicial 
procedures available for review ofNPDES pemttt conditions."); supra at 9, American Paper Insl. 
v. EPA, 996 F.2d 346, 351 (D.C. CiT. 1993) (repealedly referring to thc permit writcr's 
responsibility 10 translate narrative standards). 

Furthermore, it is a basic tenet of the NPDES pennilting program that in ordcr for a State to 
obtain EPA approval of the State's NPDES pennining program, it must demonstrate thaI it has the 
requisite legal authority \0 issu~J'cmtits and to apply and insure compliance with, among olh"r 
things, walcr quallty standards. 

As such, the idea thallhe City ~hould be responsible for translaling subjeclive narrative 
slandards into tangible effluentlimilations, let alone any permiLting responsibilities, is legally 
unsupported. As the approvcd pennilting authority, it is TDEC's responsibility, and T])EC'~ 

resp<:msibility alone, 10 issue the City a pem1it containing the legally-required non-subjective 
numenc cffluent limilalion~ (or DMPs, if applicable) for color. Notwithstanding such approach, 
nothing prevent;, the City from voluntarily assisting TDEe in sueh endeavor, as the City deem' 
appropriate, and otberwi~e coordinating with other interested pa.rties to Iry and assure that lhe 
permit requirements (whether numerical or BM}'s) address applicable COncerns. 

Ii' Sta:es approved for NPDES pemilting musl abo adherc to to is fundamental Clean Waler Act 
r.qltircmerH. CWA § 402(b)(I) [33 USc. § J242(b)(I)} ('The Administrator .haJJ approve eaco such 
submiTted prognlm unlc,ss he deLcmllnes that adeqll<~te aulhorily does Hot exist (l) to isst:e penults whi.::h 
(a) arpl]', and insure eOlnplwnce wilh, any applicable ,equiremcnls of .eellons 1311, 1312, 1316, l.117, 
134.1 of 'hIS lille... .") 
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Allachment 0 
Comments on M.C. Stiles Draft NPOES Permit 

MYlO'N lOViERY .. M8)Qf' Pro Tan 
JACK SAMMO}"S .. C'111e£' Admini$lf1liivc ()j'fL;-erC~tyofliJ 
DJVISloN OF PUBLIC WOK.KS 
DWAN" L GII.LIOM • Di.J'eClotMem12his 

Tt."i:H"ESSn --------------------------- 

October 12. 200') 

Me. Vnjin Janjic
 
!\1.anager. Permit Section
 
Division orVlatcrPol1ution Control
 
TeruH:ssee Department ofEnvironmcnt a..'ld Consen'ation
 
401 Church Street
 
L & C Armex 6" Floor
 
Nashville.·1 en"","ee 37243-1514
 

Subject: Ke";se~ DIllfl ofNPDES Permit 1'>0. Th"00207l1 
M.e. Stile.' Wastewater Treatment Plant ('>'{WfP)
 
Memphis. Shelby County, Tenllfs.,ee
 

Dear Mr. hnjie. 

We would Eke to once sgai:lthallk you and Gary Davis for your time and the opportunity to 
discil'lS the M. C. Stiles WWTP draft J\'PDES permit on Septcmber 30". We believe the meeting 
was produetive and allowed us as a group to lall< through some ofour concerns lllid questions 
about the proposed pennit. Dased "n "ur discussi"ns. we agreed to provide additional 
information 011 the proposed compliance schedules for both disinfl~crion impiementatioll and 
foam and color study and resolution. 

E. coli Limit iDlsinfedlon) Compliance Scbedule 

As discussed, lbe City currently d"es not have the ;nfr..,truorurc in place 10 allow disinfection to 
be pmperly implemented at the effective date of the oew permit. While a chlorine contact b""in 
was constructed during the plant's inins' e"nsl'1Lction and is stH; in place, there is no provision 
for chemical storage. chemical feed sysLems. nor control s)'stems necessary to operate:1 
disinfection process. Further; we continue 10 study options lor disinfection, and chlorination 
may nol altimately he lhe preferred {lptlon. 

Therefore. U,e City requests that a reasonable compliance schedule be added to the revised draft 
pemlit, and teat the current limits be held in abeyance, to allow f"r: 

•	 The f;r.sl phase of the compliance schedule would allow ior time to complete a study of 
,aJ[crna:ivc disinfectants. Please note that lhe original chlorination system designed for the 
Suk. WWTP asslW:ed use of chl"r;ne gas delivered by rail car. This potential use of chlorine 
g,1S as originally planned needs to be reconsidered for several reasons' safety, the faet UJat the 
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rail spur was never constructed, and the concerns aboul disinfection byproducts in lile rC'-ised 
draft penni!. Twelve months arc requested to conduct and evaluate the results ofa 
disinfectoD alternatives study; the results of which will be summarized in a rcp<lrt thai will be 
submitted to TDEe, wilh a recommendation far lbe method of disinfection. 

•	 Ifchlorine based disinfection is lile recommended method, time is requested to detennine if
 
dc-chlorination is also needed for compliance. This study would also examine the impact de

chlorination would have on the formation of disinfection byproducts. Three monlhs are
 
requested to conduct and evaluate the result. oflhis sludy. The results of the study will be
 
summarized in a report that will be submitted to IDEe.
 

•	 OllCe a disinfection alternative is selected based on the study, the de.sign, bidding and
 
canslructian oftbe required facililieB needed to implemenl disinfection will be initiated. Tbe
 
City estimates that the following time would be needed to complete these sleps ba'ed on past
 
construction experience and tlte Cily's procurement requirements:
 

• 4 months 10 8wHtd a design c~ntrac~ 

• 12 months to design and advertise for bids 
• 4 months to process bid dOCuments and contract and 
• 18 monilis [0 construct the facilities. 

•	 1'11e City alOl' re<juesls a reasonable period oftime (3 monlhs) he included in the compliance
 
schedule to develop operational proficiency with the new disinfection system following
 
handover of the facilItics by ilie conl!actor.
 

Color and. Foam ComplilUlce Schedule 

Pagc 2 ofthe revised draIt pennit includes lbe requirement that: "There shall be no dislinctly 
visible floating foam, scum, oil or other matter contained in the wastewater dischHtge. The 
waslewater discharge must not cause a dislinct color contrast in the receiving stream." 

Sections 3.5 and 3.6 ofthe rcvised draftpennit include studies focusing on foam and color 
associated with lhe M.e. Stiles effluent discharge. The City appreciates thai TDEe undersland 
that studies (and possibly design and construction) will he necessary to bring the disebarge into 
compliance wilh the permit requirements cited above. Accordingly, the City requests iliat a 
re'dSOnahle C(Jmpliance schedule be added to a revised draft penni! to allow the City (and 
potentially its cnlltributing industries) to have a reasonable amount of time 10 address iliese 
issues. 

Thc Ci1y has voluntarily taken steps to reduce foaming in ilS efIllient in the short-term utilizing 
dc-foaming agents, but needs additional time to investigale possible long-term solutions other 
than addition of de·foamer that would address the source or lite problem. lnformation on the 
City's actions to date is provided below, followed by proposed activities 10 be included in a 
compliance schedule. 
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Compliance Schedule for Foam and Color Control
 

The compliance schedule that the City is re.:juesliug wOllld include the follo\\;og actions 10
 
diminak loaming and visible color after initial mixing in the river associated ",;th itR discharge.
 
The City requests that during this period of time, the narrative requirements of the permit dted
 
above be held in abeyance. The City will commit te> ","ore aggressi"e usc of de-foam109 agenls to
 
minimize potential foaming during the duration of tile compliance schedule and to demollStrate
 
good fai~h in this regard bas recently increased the slrength of the de-foaming agent as noted
 
below. The City proposes the following schedule and tasks:
 

•	 A study to optimIze the application location and dose of de-foaming agent for both the shari
term and possibly long-term solutioos The City has already begun the;;e eITorls by starting to
 
use a couble strength dc-foaming agent (i.e., a 20% polydimethylsiloxane solution) for
 
inj:etion into the plant's effluent al tbe chlorine contad basin.
 

•	 A 5tudy 10 'nvcstigate the causes ofthe foam and to make recommendations for mitigating the
 
foam. 1110 City has engaged a consulUmt to assist willi this effort and is currently working
 
cooperati vel y with the consultant on a sampling and testing program of the plant process,
 
intluent sewer intcrccprOl'9, and Industrial Users (IU), ~nd conducted an IU surfactant survey
 
to gather data for delermirung the possible causes of the foam. This program is on-going with
 
the consultant e,)ntinuing to analyze the data generated and being generated by this program.
 

•	 A study of the plant process has been initiated to de!erm.ine whether surfactant compounds arc
 
"ccumulating in the plant to contribute to foam production.
 

•	 An evaluation is being made ofpotential need to modify thc outfall pipe downstream of the
 
chlorine contact char.lber with a foclls OIl eliminating the existing 19-foot vertical free fan in
 
!he drop struclurc ncar the ternllnus of the pn."lliIry outfalI 10 reduce the potemial for foam
 
formatioo.
 

•	 An e"aluation \\·iil be condu~ted ofhow modifyil'g Ihe outfall tenninus (deeper, slightly 
longer etc.) could dimir,ish foam production. 

•	 A study will be conducted ofsources ofcalor in llic induslrial discharges to the WVvTP and 
their possible reduction and/or elimination. Th, Cily staffwlll work with lhe applicable 
indust!ial discharge,. to reduce the color loadingw the WWTP. 

'1 he studies proposed above would be performed concurrently and at the end of the J2-month 
study period, the City will submit a reporl to TDEC identifYing Ihe ne"t steps that ar~ necessary 
to address the elliOT and foam [Sslle. 

The ':orreotive aclions lhat will be identified by the above studies are diOi.cult to forecast and 
coulll be ejth.,,- (1) a collection of changes in the p:ant processes or (2) requh-e construction of 
pre-treuoucnt facihti<'S either by the induslries or city in partnership with the industries. These 
two <lJlproache., bave different timelines and thus we request a cooditional time frame bused on 
lbe findircgs of tile sludy, 'I"'cifically: 

1 
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•	 If the ,tudy finds that foam and color can be addressed by changes to the exisling proeosses
 
used by Ill. indu.slry, then the City would request 18 months to implement these
 
recommendations and work with the applicable industries on color process reduction.
 

•	 Ifil is necessary to conslrucl pre·treatment facilities, then We request that lile compHaII«
 
schedule that would accommodate the City's past construction experience and the City's
 
procurement r~uirements:
 

• 4 months to award a design contract, 
• 12 months to design and bid tbe remaining facilities, 
• 4 months to process the contract award and 
• 18 months to construct the facilities. 

We also appreciate the discussion on the other issues raised by the City and related to the draft
 
pennit as identified in our original response. Based on our meeting discussionS, we have listed
 
what we Wlderstood to he the resolution ofeach of the 33 items that we discussed on September
 
30~h. As shown, a couple of tho minor itcrns were not specifically discussed, but are included in
 
table. We will be happy to discuss any of these items more specifically if needed.
 

:.1-~~7~~~!:_m:_ T~~-=:~,-I.e~_::""",I~"'~:I~~~:::s~~:·~"'~O~_o::""",J="'d=_ap~--_p-l~-Yi::~-'- --(W1--='th======~~~~r~tdi~~~:~""';""~-~-:-:-=-~-:-:-~-~-~-n-~~-e-etJn-:-g- j 
dilution) ratller thanel1~:!lK-pipe concenlrations recreation standard . --..,-_._ 

, Cha.ose E. coli permillimits Not discussed during OUI meeting 1 
j. Drop max day E. coli limit i
I- Change average day E, coli limit to include ' 
. receivin~ water dilution I 

'-1,"'''''"'4-
1 

Allow 18-month compliance-sc"""'hedule for k . See complianZc·schedulc includ~d-
. coli limits end possible generation of above 

I 

'I 

Agreed that the City will develop list 
ofpossible DBP, ofcOneem as part or 
the disinfection stooy. Agreed AOX 
not a good mea.'lUTCmenl of eh.loriruued • 
by-products 

I
disinfcctioopyproducts 10 include: 
Drop permit limits for AOX as parnmeter is not 
relevant 

A6 : Drop pCITl1illimits for hep1achJor~an~d.,co::h~lo~rd~31~1~e+;L;;;i;o.m""it;;;s-"lo::..r:..:e:::m.:;al,,,·n'--_-,-.".. 
'X?- Drop permit limits for dieldrin as value TDEe to confinn permit Ii 

incorrectly read on TDEC's own =11 dieldrin 
A8 
A9 

prop.monitoring requirement for PCBs PCBs to be monitored llye '-- 
Drop monitoring requirement for methyl Sampling to be conducted llyear 
mercury due to unproven! unsupported 

,I hypolllesis that this forms during anaerobic 
I I dlg.=CS::t::10c::ll'-,..--..,-__-;-__~
r;..-I6 -I 'tlTnp monitoring requirement for no';'ylphenol No monitoring required 
! i and llollylphenol cthoxylat~~. __._ .... __'_ _ 
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._---------,
All I Make conditional monitoring for TRC in TOEC to revise 

footnote b for consistency with other permit 

j provisions ,~, _.. _.. 
A12 Drop moni (oring requirements for dioxin, Requirement 10 be removed from 

organic pesticides, DDT, dieldrin, heptachlor, permIt 
, chlordane in ~rs river upstream ofdisch3rge 

I 

I.;"13 I~~::'n:~~:a~:~' TRC monitoring Whe-n, L~EC to rev,se 
~ "other oxidanls" used. 
[Al4 Modify perlnil'"la-'n==g-='u=ag-e-o-n-n-arr-a""'t-:-iv-e-staJldards 'IDEe to rev'7is-e-- 

(,isible pollutant' & laxies in hazardous 

,-:--:-::--+8ffi;;:;D"!"ls2!lJmalc~lJ..':l~~ing re~lations , . 1._____ '---00---"'---/ 

I AI 5' Drop permillanguage about monitoring when JRemove "normal to maximum" and 
inC,'ustrie5 al"llOTmal to maximum contaminant replace with "representative" in permitL I,.. Ievels~~ as thIs IS not representative ,_ ..." . , _-I 

A f6 Refine penn it language on BOD sampling r This was nol discussed during our .. 

, location '---l meetina'--i' 
AI7 Drop S""tion 1.2.3.d on best available , TDEe to address 

analytical methods as potential onerous and 1 , 

Al8 
redundant
Drop 1.3.5.2 ou anticipated bypass notification TDEC 10 address 'I' 

I AI9 
as redundant and coofusing 
Change permit language 10 ~-ove" to properly IAgroeifto kccpi>s ';i.irren-tly~:r;tlc;; , 

_I~"'--E'~~",er:t:a::;.~~;~ :~~;~"ns~tem" a5::___ I 
'A20 Drop sen:cnce on prohibiting new IPP-regulated1IDEe 10 address 

.'1' 

I 
discharges that reqnire pcrmirmod,ification until, 
TDWPC ives authorization I 

'-:-A-=27\-'--:'D"'rop requirement for survey ofindustrial users To be dropped from pennit---~ l 
I because nutrienl mgt plan (.'1.31) should be I 

I	 Idropped 
,.'1.22 ! Clarification needed for IPP reporting , IPP reporting to be clarified I 
I	 ,IiA23 ~' ~~l~~~eC:t;~~ OIl # of acu'te' WET needed, and 1-4 irldividltajtests-to ,e-;;Jain in thoe_ 

~l1yifr"",!1J!.4 separate lesls. .. :-_+ipc~nru:.::;.·t,--:-==_-:-.....,.__ _ 
i .'1.24 Drop permit requiremem for chronic WET ' No chronic WET testing in permil, but 

resting , "ill be required as part of the permit 

_ , ..... ~nprocess ...._---i 
A25 Allow option of use ofMS River water as i Not discussed 

1 
control water for WET tests OR use oi "hard" 
smilietic waler , 

,01..26 A~kl pennit provision to d~reasc fr~qllencyo"f,'}'~,"ot discussed 
, V. EJ 1"';11"1;'_[[ 4 eonsccullve tests pa"". __ _. 

A27	 I Drop SUlion 3.5 - requirements for monitoring Requirements to be removed 
, in Ihe river for di;urion to meet colifonn limits 
.~lJ..Jhsmfecjion b}products because of., ,_JL-- _ .J 
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A29 

A30 lAIIOW l8-monlhcompliance sehcduleforcolor Sec compliance schedule included 
ami foaming to Include _~--,--_-/--;;ab?"oe.:vc:;e,-

AJ I I Drop Section 3.7 - requirement fornulrient 
: managemmt plan due to lack oflegal Authority 
or other established basis (e.g.• IPP) for 
inclusion 
Fix typo on PCB units 

I Provides clarification on TDEe response on 
j dilution available from two exi.tin outfalls 

Requirement to be removed 

IDEC to ackoowledge the revised 

~.!s in the response to comments 1. 
Fact sheet will not be changed but 
TDEe to address clarification 

Please let us know ifthere are any questions and/or comments regarding any of these resolutions 
or any additional information that is needed from the City at this time. Tltaoks again for your 
time and willingness to discuss these issues and for working toward a permit that is accept"ble 10 

all parties. We look forward to hearing from yon io the near fUlUTe In regarding to this re,i.ed 

dmft permit. 

Sincerelv., 

Paul Patterson
 
Administrator of Em-ironment") Engineering
 

Dwan GiJliom, Director ofPublic Works
 
Don Hudgins, City ofMemphis
 
Chris Provost, CDM
 
Gary Oavis, TDEC
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Appendix AD-B1 
EPA's Written Comments 

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
HE(110N,~
 

J\ L.N~rA rr-IJHi/l1 C:U'.jTE,P.
 
&~ FOf:::~,';"fH C;TREET
 

~ TL.!3,NT A. (,ECh(;IA .:LJ':WJ·d960
 

Me Vojin Nt J;:lI1jil'
 
~13nagcr, P~nnit SL'Ction
 
Divisinn (If\Vater Pollution Control 
TCfmcssl'c Depiu11l1l..'nt of Environment and Con:-'cr\'ati(ll~ 

L & C ,\nllcx - Nh FI~Jor 

4()\ Church Streel
 
\i;,l.-";~l\. dIe. "I L'nnL'~:-,ce 3724~-15 34
 

Dear .\1r. JiUljk: 

In accordance willl \hc Environmental ProtcC'linn Agcm:: y"Tennessee lkpaItml.:'nt of En\ ironment and 
C\.ln~er\'atitm(rDEC I t\.1cmorandum or Ab'Te~mcm (\ lOA), \~'e ha\'~ completed our review of the draft 
~atitln;,ll Poll\J1anr Di:-;t:hargc Eliminatiun System (~ltIJES) permits 11)r two Sewage Trcalment Plants 
!STl'sl in Memphis; I\1aY1lard C. Stiles ST!' (NJ'IJES pCn11it nmnber TN00207 I I ) and T. E. j\l"""n 
STP (NPDES permil number TN0IJ2U729). The dl'ati p''Cl11iJ <Lml supporting male,ials Ihal "enl tn publie 
rwtice un f'..'fay 1(I, 20 II. were feCel\'cd ckCfp,)nil:illly ()n \1<1Y 1S. 20 I I, 011 June Ih. 2\11 I. the EPA 
rcqul'Slcd a fulll)O-uay review of these draft permit'i. At Ihis time. the EPA is fonnally :-::.ubmitting lts 
l."omuh:nb. It ]s noted th:Jll1n Decembt:"f 1. :!.UI (I. \he EPr\ submitled comments to drah pcm1its 
:-.ubmillcd lasr )-'car. 

In regards t~) the pt.."nits and ralionalcs.. the EPA hd~ se\"eral areas nfgcncral Conct'm \vhich ar~
 

prcsl.'ntcd hac. Our Ctll1lmcnts nrc as. follows:
 

F'Of both hlcililies. a schedule ol'l."ompliancc Tllf !-,' ('oN and total re::ioidual chlorine ldr lutal 
rt.·.... iduJI oxidcnts) h;.as ht:t:TI inclll(kd. Prc\loLJsly. the EPA recommenued lhat the ruti(Hl1.lk~ fpr 
both pennils do,-~ument the appropri:Jlcnl."::'s for thL' indusion of the clJmpliull\.'c jl."hedult: and lU 
e:cilahlish intl'rim requircmenls and datl."s if the ;">L'hcdulc is 1Ilort" than onc year; tills has nfll bc~n 

presented in the draft pcmlits (ulll rahonale..;. Plci'lse refer to ~o Code of Feder,:)1 R~gulations 

t CFlO Scctilln 121'-+7(:.1). The reterenced menw uated [\.'1ay 1U, 2007, from James A. fLInton 
regarding. CornplianL'c Schedules (see this wehsite: 
http:::\\W\\ .cpa.l!Jlv/npdcsipubs/mcmo c,~~ll1pll~m(C::-:l~h.cdulc.s muv07.pJ t) pro\ idl;.~s add ihonal 
,guidance on hm.v penni! writcr~ can jllstify compliance s~heuLlll's consis.tent wj~h ,10 eFR 
ScL'ti..:m 122,47 Murc dctail is prllviJl:'d in rhe eIldtlsur,-~s. 

As prc\ lously disl:u.... scd in our letter ualcd DL'l'l:lIIbcr 1, 20 IO. ;lIloth~r COnoCcm is whdher the 
Tennessee Valley Authority ~ Allen Stearn Plant's ..:ooling Willer., which T, E. \'1;1\S0I1 dis\.'hl.lrgcs. 
to, would bl\:' t.:ilnsidcrcd ·''\\·al(·r.... or the C.S.," the EPA ask." that TDEC t:la-riry· this designation. 
Sec Ihe cndllsure {or additional informJtJon un thi" t3i:iIi ty. 
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Per the 'lOA. Section B.5., please consider these comments. As per the MOA, Section B.6., please 
proviJe the El',\ the opponunity to rev iew the "propose,l tinal" pem,its prior to issuance if they di ffer 
;.;ignili.cantly fmm these dratts. ifsignificanl public comments objecling to the uraH have been received 
hyTDEC, 'Jr if there are signiticant issues raise'd by utl""f states which may he all'ccte'd by the 
discharges. If you have any queslions. plcase contacl Ms. Connie Kagey of my staff al (40-1 I 562-9300. 

\lunieipal and Industrial NPDES Section 
Pollntion Control ~nd Implementation Branch 
V/ater Protection Division 

Enclosures 

cc:	 Mr. Dwan l. Gilliom 
Director. City of Memphis 
Division of Public Work> 
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__ 

26 

TN0020711 :\lemphi' - Mamard C. s'iii~;'ST~P (Comments 01l5/i7/201l ri~;ft ~PDES Permit)	 -- i.	 , 

SE 
2 • 1.1 Organic Pcstit.:iJc Chemicals; 

, 

2 • 

1
--1..tL.l 

._-

Hept,ach,)of imJ Total Chlordane 
monlt~l.:!.~~__ 

Me.r:ur~ and rv.lC.. lh.YI.. M~fL'ury
I m~m(tl)~_l.ng_.~ __.. 

I 2 1.1 ~cTl:ury moniloring frequency 
! Ii 

I 
_.~... i,__ 

I 2 . . 

-L~..~ 

2(, 

1~I' T.ypo.
 
.
 

1.2..1.;------ '1)1"-)- ------ 
3.5 I Cmnpliance Scbedule 

I 

I I 

1.5.1 Additional Pt:rmittct:- Subrmtt31s 

h{-~ t' --- ~HHlmlllUtormg
 

I 

Cm~. '" '~:~~~~.i;.y'''..,.. . '" .m~'j 
The EPA recommends establishing composite monitoring tor these pollutants instcaJ \ 
of an instanlant'ou",: grub sample. Or~Jnic chemicals shouh..l be monitored hy comp0sik I 

s~~~r~~:-_. ._._.._~ _0_._. _-J 
. The EPA .recommend.S C.lar.ifYin.g t.he reaSl). n. tha.t the 'l'n.ta.l ~1crcllry mOlltl0rlng require~ ) 
: a.~~~lposltc sample. ~~b_<:!~~~~~~~~!byJ~\~~r~u~y_moll1tonn£.!eqlltre~~,!,~~s~lmpl~. I 

The tab I.e l{lT ~re-tn~\ltmt:l1t rcq\lircmcnts on p.~ge 20 (Section 3.2.J.ii.) shows. that 
m<:lals, II1cludlllg tOlal IHtrcury,are to be mOnitored scmwnnually, thus, the EPA I 
recOl1lmends thm tutalmcrcury \n the lImit:; tahlc should alstl bl3' monitored 

m	 semiannuall}. _'.. _.~~._~' __~._~' 
Total chlordane is liSI.ed .in the.•..Ia.bIe, bUllhc IOOI.II()!e reads "'tt:chnicar' l.:hIOrda.. ne. 
Pleast: com~~ct, as ne~ed. . . . 
3r Sentence: 'Ihis references PC;Bs (not ::~~l!Cs'1_ Pl~~sc correct. ---~ _ 
Any comphancc schedule mU<1 be jusliJied as per 40 C'FR Seclion 122.47(a). ! 

. 

I \Vhcn a compliance scbedule is given. the pennitke should be requireJ to notify the
 
, PCl1nilting Authority in writing whether compliance dates have been met. (40 CFR S
 

122.47(a)(4).
 

The EPA recommend:') that the pemlit require the- pennittec to report prngrt'ss of 
compliance (within 14 days of each interim or fill.11 dat~ of compliance) 101 t:'ach step 
as ~c:.quircd by the regula!~~~.:- . _ 

titis sc<;tion does not gi'yc spccitic dates when the various report~ arc due. 

The EPA rCl.:'oml11cnds indusion of spccitk dates when the pennittce is 10 suhmit ea..:h 
~!~JL.'l'enced In thi ... section. _ 

The second pliragraph states that the discharge demonstrates some chronic tuxiCIlY, 

The EPA n~·coIl1JHel1d::.; that IDEe clarify whether reas,mJhk' potential exists li)r 
I . 1_ m	 ~~~I!i~ toxic1ty and_il~t:lu.~~ a l:1.~!.~mil: toxicity limit, as appn'lpriate. 

5: 
CD 
3 
-g.
cr' 
5: 
'<'"
::J 

'"a 
o 
~ 
~ 
(f) 

z=d 
'"U~0» 
mc' 
(f)c'

CD 
'"U::J 
CDC, 
~ c 
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I 

(i)T"""N
_~CD 

co r-- ' coo 
.Q (\J « ._"'.,.,._--_.., .....-- -_. . ,._---.._- ",-' _ ...._._. _...._, 

TNII02071J ~lcmphi, ~ Ma~·n.rd C. Stile., STP (Commonls on 5/1 7121111 Draft NPllES Permit)Cii 8 <D 
II: Z Ol 
_ 0..o I- co 1'( rDi!;SCiOmOH.":~ "':c "7!,'-~:'''···
E .'=

·---~('hlori"ateJ-B~'ProZlu~i-~:::JE,,0> ' co.. 
O>(J):gw I.«0 
~o.. R-15 9·1. --- .--- -Treat~dEmuen-t------ ---
o..z Transpof1/Dlspt:rsion \Vithin 
(J) I Receivmg Stream
I- I 

1. -f-------I -. ._______f8 
:;:: R·l i * 10. i Receiving Strcam \VQ 
(J) 11 

S~atusl An1Ide~~ati~__
cj R·18· 
"E 
g! 
~ 

allocation. 

R,_m'","·n,. "A'." ,"",;,,""" ""0'""ro' .m~ .. ..,,. "" roo" ",," • , ".,;0".
:2 R-26 '4< '\pp. 2f I Landfill g:roundw~tcr monitoring 

_~__'"~-+--.... ;result"~:.;{~1t.-'fCllr~d, __ ,._--------------, The EPA .recommends that TDEe rcqllcfll and present more recenl results for eat.:h of i 
i 1{_~I'P· 2g .;_M.l. SlilesSludge mercury cOlllcll1 I thcse scclIOns..._. _ _ __~I 
* A similar comment (or question) was rre\'iou~ly made by the EPA in the enclosure to its December I, ~Ol 0, letter. 

, ~ :2 
.~ 
r:: 
Q. 

E 
Q) IR-". A"" "  T"""" ,ffi"~' 

I 10 
__ 

ReceIVing Stream WQ 
SI~hlS Antldegradatlon-l 

@c:fMiijjjN'f'::>:.'~"'':'~ ':. ~_f' 'Y::'~·";.. ," ~.'_"__ ---J 
Neither the pennil. nor the rationale has the date that the rennittee is to provide thc 

' infonnaticlO to Tennessee. 

Tl,c r:p A recommends tllallhc permit include the dale this report i, dlle. 
I Neither the pcr~-nil. nor lhe rationale hn-:~'{he date thl1t the rc~~ittce is to pro~·"id~'fl\.· 
I infonnatlon to Tcnnessee. 
I 

The EPA rec<H~ends .'1l:lJ..i!!c pem'i! includetl~c..datc this report is duc. 
The lust senlence of the 3 paragraph reoAds (IS if it \'.-'ere a placeholder. 

!hc EPA !~~9~mcmls deleting an4/or .rcl,\'ordjn.s.~£..?lari_!i". . ,,_.~ 
Thc rationale has indicatcd thut u TMDL has been rstllblished lor clliordane, dioxin" 
and PCBs. yet no justitications havc hccn made in the discussion nn hon" the limits thai 
have been est~blj$hed ()re consistent with the assumption!; and requiremcnts oflhe ! 
TMDL "aslcloud allocations 3S per 40 CFR Section 122.44(dlll )(\·ii)(3). ~' 

I 
i The EPA recommcnds discussing how Ihese limits are consistent \~.'ith Ihl' \\'Jslc!oaJ 
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Appendix AD-C1 
TCWN/Sierra Club's Written Comments 

..\llgU~l J U. 2(J! I 

~lr Vdjin .I,Hlji~' 

T eIHP:;,c;l't: [h:pilrtmcnt of" Envirollm-:nl 0;\.: l.'olh-:r\itUOn
 

\\'~llCT Pollutil1ll Control
 
(llh Flour 1 & C ;\nncx
 
-1[! l ( lmrch Street
 
~;l~.l\·I)I,-\ T" :;".243~15.:q
 

IJr"lt i\f'DES Permit TN()()21!i 11 i\kl1lphis - \1"yllilrd (', Slib ~ 11'1 
Draft I'<PDES ['erma TN002(17'::Q (\h:J1I~'hi:,> - T.E . .\1axsoll STP) 

Tilt' It':llll'~S'':l' t..'lc;m \Vah:r !\("l\vork C"TC\VN"J ;md th.: SiLTra Club 1.11"1,;' pleased to submit [h..:"e 
jujnt C'ommctlts regardIng the dratl National [)oII1lIa11l !ll:,cll.:Irgc E1illlinaLion SySU':lll r'!\PDl~S"J 

]',-';"nU:-; I'Dr 1ilL' abo\'c~r~fC'rcnccd s...·\..<lgc U\'ttlllk'nt p[;-IIH-: ill \kmphis, TN. l:Jlk~~ tJlJ1L'["\\1>\.' 

~1'cl,,'iriL·l1. L:adl ':,JIlIITlelll aJJrL's:;c~ bOlh pa1l1ii.-;, 

(ll\Cll t.he \'a)' :-ubstantiJ.] (klay:, ill l:-i:illing tllL':,l' p ...·rJjlll J":lIL:\\;lb. TC\VN and tile SlL'IT,1 C'lull 
LJr!:!C" !'Oll lO tlll;lli/L' lhl\-)t: pcnllib as ~oml ~Ic, pos~ibk. ThL':-'~ plaltlS ;'~I\.· OjlL~r~lljllg 11lll1L'r p~rmjl:i 

111:l1 drl' nwrl" rlwll 1 I YC~Il'-; old :mil that l:O!ll,llll uulJaLL'd (enns. rills is Ihl: third l1riJJ"l !1l'f"JIlil r~li" 

lilt.'" Stiks pi-HIt. and thl' SCCOlH.I for !vta\son, Funher (kl;ly IS UllWi.lrranIL·d. 

["( '\\,'.' ..HId (hI,,' Sierra Club apprt'ciale the Di\i:::ioll'.,> 1".'11ll1ill:ltiLJ]1 ol'rdt."['L"J1CL':'i to :ld1l1JnI~t]";lti\L' 

,h,'lll)ih thilf \\ 1,,'1"': l:OlltalJ1n.l in till' prior d,art 1~,->"ll1il 

!. Fo~HII and Color 

COlJlIlIl'Jlkl'') rl'qlH'"t thl' Hivi...,inJl '0 spcl,,'itiL':JII~' ~lddr~ss "ualll ill these 1H.·..mih, \\ (' l'I'qIIL'''l 

lhl' narratin: limit on Illigl' 3 of ('uch lH'rlllit 11(' III(Hlitll'd slightly ro rcad: ~·Thl'rl' shall hl' 11() 
dhfindly ,iOiihli: floating scum. oil, ftJ:JIII, ur 1)11ll'" maUl'l' contuinl'd in the ,'astl''':I£I.'r 
dh:ch.lrg....:· Se\t'laJ ;lpplJc;lbk n:IITallYl:.' \\~Hcr qU:J!Jiy crirl:rl:l li.-;t fOJln k.g.. fur I'Cl:tL',HiuJ}, tiL" 

standard is "[l']h":lL: shall b(' 11\.l di~linl'lly \'l:dJl~' :;ulJds. scmn. Jtlalll. oily slid... ,.thal 1l1;lY t1L' 
ckJrlnli."l1l .. tlto 1'l:L'I'l.",lliIHl." Tt..'I'll. ('o:l\p. R ....\: Reg .... , !~U(jID-1·.~·I))IK~)(L·)). r~t1th Ff),\ :Il:d "l"1)J·'" 
luye ()h...,crn... d 1111':: liJ:f,-:il;jr~~ II!" J{Jl.llll Cium bulh ]lbnl.~;'. The:.~ Oh,,('['\·;l:ilm.-- Illdll,,'ak 'ilL' 

rC'tt~(lnabk 1'010:)111:11 l,l 1".1\JlalC dl":so: Ill:-,trc-am \\LHt..'f ljLl~Jlil) CJ J[L'II;l ,Jill] lolll IlJf !J'lt..' illlpO:.;itioll or" 

a \\;11::1' qu;dil~-J1.l",-"d cflluentlilllit ("\VQBI;L"L 
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COllll1lenters support this uraft permit"s tenns rcbred to color. 'lhc narr,tli\L' color limit in the 
L'urn:nl <..Iran permits is ..1CI"I\\:d diredl) from the applicable water qualit:-- criterinn. is cOllsis(('nt 
\\ ilh the languagt.' in other pennil;;, iSSUL'U h: tbe Di\ i.\ion. and is nul undul: \ ague. 

3. E. Colifl)isinfcction 

COmTllClllL'rS arprcdal~ lhe Di\ ision·s pro rosa) tu imp"lsc tluTllcril: limib for E. l?o1i ..\5 
(kmoll'itratcd in rhe Ratinnnk. lhcsc limit'; arc n:qutrl'u hcci.1l1sC the n:asonabk putential C\iSl:-< to 
CalliI;;' or contribute to inslrCi;1m \\ater quality \·iolations ('or I,.. i.:oll. Impnsill8 L coli limits 
n.:prc:-,cnls ,I subst:;lIllial step 1l)\\ard protc('ring human health and the ctl\'ironl1lcIlL and is long 
()\.....·nlut'. 

l\'I\\C\'cr, Commcntcrs rcqucst that thc final permits bc issucd \I ithout compliance 
~chcdll]l's for E. coli. The Dh ision Illay choose 10 e:\crci~e ib enrorc~ment discretion as it 'iCC, 

IiI. but the cnmrliancL' ~hcduJcs Jrc nut permissible in these rcnnits because tilL' instrcalll \\C.lIn 

qualit' standard lor I:. eoli has been in place sinee September 30. 200~. Ma"on at R-l O. Stile-, 
al R-9. Compliance schedules are nol permissible- trw WQIII:I., based on "ater qualit, standards 
that are morc than Huee ,cars old. ~() C.F.R. *I22A?,a)(:!) ("a schedule of compliance shall he 
mailable unly \\heLl ilec~ssary to ullo\\ a rcasonabk opporlllllil) to attain cumpliance \\i,h 
rcquirCIlll.:IlL'i is.sueu or rC\'lscd !L'ss than three )~ars before n,,'Cl'mnlL'TlL'Cllll'llt nt' Jiscllart!-c·'). 
Ins[c'.lJ, thl'sL' permits 1ll1l~1 n:l"luirc illllllcdialc complium:c nith \\'QBEL::. b<:lsed on thesL~ \\akr 
'1Ualil, crileria. 33 USc. * 1311 (h)( I)(C): /11 Ihe ,I/,,"er 0/.\'/(/1'-1\;.<1 (·"rihe. /lle., -' [.,\.D. 
172.175. 177 tI99()1: Mcmorandum from James lIanlon 1(\ Ale,is SICUUSS (i\la, III. ~1I1J71 

("llalllon ~Jt;;llln") (iHlachet! tn prior rcrmit COlli lllcnts and m at lahl~ upon r('quL~sl}. 

E\L'n if L:olllplj~lIll'': s.dll'duks \\el"(' allo\\clL the) lllU:.;t hl.:" designed to hring 1hL' ramitiL'L' \0 

"omlliiance as s,,"" as p""ible-. I hlllion Memo. TC\\'I\ and the Sierra Club appreciale Ihe 
:-;hortening l~r the l'omrli:1JlC(' .schedule frlllll 56 months in the prior drans to 36 llh)l1[h~ frulll t1JL' 

pl:rlnil dJecli\'(' (bk in tile L'urrcnt dmns Ilo\\"('\cr. gi\'ell thL' .'.;uh~tanli;Jl deL:I! in i:-;suing IhL' 
p.:rlllit",. Ih.: uIlCl.:"r1aiIHY pj'e\t:'J1 thi:- ~l.·hedlJk.' alld the )..no\\11 rrl'~L~JlC(, ()frccrL'atimul acti\i[: In 
11K' ..lJ\,' ..1. a thn':l.'-ycm ~dlt:dlJlc n:mains 100 k'nglh~ 

Finall). 'ilL" Ri.llil)l111k" (or bl,rh pcrJ11il~ arrl'i.lJ' w hI..' pn.I\.:~Jur ..dI) dcll~cti\'(' bC"':UU:;'L' the) d,) nol 
m~}J..e Ii Ill! ing.s. rCi.l:'l)Jhlh I;. supported by tilL' !"c"'ord. (l r tIIC j~ III 0\\ iIlg.: 

•	 '1 halthl' l:oIJIpliann.' s('hcduks \\ill k~ld 1{ll'Omj1liance with an ef11u('nt limitation tn IllCl.?t 
\\ alL'r qll~di I: :->!alldan.b b) till' L'lld 0 r the COlllp[ i'l nCL' period. 33 LI,S ,C, ~ ~ 1.3 J 1(b h 1)( (') 
1\\\111/'1 s arc rcyuircu nul lalcr lhall .lui) I. 29771 and 1]62(17): IC" "I.", -II) erR. ~* 
1].=!.~, 1~2A-+ldH I )(~iiHt\l: (Ianlon \kllHl. 

•	 Iltal a c,'nlpli:lIlee ,eheuuk i, ""l'prUpnalc" and that cumpliance \\ illt lite linal W(jllLI. 
i, ,,'quir"cl '-a, "'"n 'IS p""ihlc.·· ~O <. .F.R. *122A71a) &. la)( II: Hanlon Mcmo. 

•	 1'h.1I the disclwrgL'( can nut illllllL·didll.:ly l'onlply \\ith the \\:()BFL nil the drL'c[ln.· dall.' p]' 

llt~ P'T"'!!. ~II c.r.R. ~ 122.47lil !III. II:mlon rv1cmo_ 
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~. 10r,,1 ~itr()g~n and TOlall'h'hphorus 

I hL' draft permit.., appl..'ar hI \ ioiak Si..'i.:tl\l[I'-. 411~ al1d _"O~ ur IllL' rL'Jl:r~1I Ckan \\'aL.:r Acl. 3J 
I'Sl·.,~ 1.'~:lcli lilA) unci L11'::(a). "11,1 lenll. C<lll1p. R. and Regs. 12(Jil-~-5-.!l~ifl b} I'liling 
III lmpns(' cnlllL'llI JillliL..; 'llinicicl1ll~ slrlll~I".~[ll to an:lin HllpliL'ahk \\ ..Iter qwtllt) crileria fur 
lllllrll'l1b, .".'('t' uJ\o-JO('.I'.R. ~~ 122.44Id)(1 H\lilt:\) & l~3.25. hsuanc\..' orthe Jran permits as. 
propo:,>L'd \\'ouU alsn \inlalC' Tenn. ('l)(k~ ,\11~1_ ~ hl)- -::-IIIXlgl bi:i.:au.sc (hey tail to il1l".~lli(k thL' 

n10sr stnngent \,.,nhh.;rH limils ncccssar: {t) ill1ptellh~Ilt <If'''p1icahk "all:r qtLJli\\ ";landaJ\I;-; tilr 
11lItriciHs. 

.b tIlL' drarL I..,crlllil:-. <.lekmmkdg..:. hlllh phlllb 1.11\: .Ji:-L·h~uging high conct'llll,llilln~ llj' 111lrngcIl 

:Uh.l pllthplmnl:'I compared In t:'ri~',:J ....C'.\Jh'l' \rL'a111h.'nt planl.... II is nUT Ulll,J..:r:-;t<.tllding the 
\li~",..;_... ippi [{i\L'r i~ nn longer \l!l l":l1nL'~,";CL"~ ~i.::~.:1I0!l ~O~(d) I,isl :1-' impairL'd h) Ililralc ur 

phm'I']l(\]TI..... rhi~... i-; nolo hO\\L'\COL nL'(';'llI:i.l? p,J11util111 1"Il'uhkllb in lilt: :\fis~issippi and tht' (;lIlt' nt" 
\'Ic'\ico h:I\L' hCl.,~n cured. hUI onl~ nL'('au."'L' or diat1gl'~ 111 Iblltl!2 IllL'lIH.lUology. :'\iilrah: lC\L'h III 
th~ ri\ L'r ~lrL' hi).;h. ,llld the i\-:lelllphi~ \\ (\tcr~I1L:d 1-'; :1 ~it;,ni jiclI1! \.."1,)1llrihulor lO ttl..: (iLlI!' of \1..:\ iL'n 

h) PO,\ iL /l1Ik'. 

('omIlH:lltcrs n:que.st that tht" final p('rnlil~ impnsl' nullll....k \VQ8ELs fo.- nutriL'nt",. \\ hieh 
,tumid be <!etermined through a rea,onahl,' potential analysis "s cc'luiccd h~ .J(J CF,R. ~ 

121A~(d)(l)(ii) "nLi b".<cd upon Ihe """ssmen! or Ihe re"civing "aters using Ihe I)jvi,ion's 
lJer,,/opmenl (~r Reginna/~I'-lltl_\~(/JIIJerl'ft'ltlJ;OIH (~r Tt'II1U~,\·.'.f!e '~. "VflrrllJ;.'.? ,\ ItJrit!lIt Criterion 
for Erol'"gion 6Sa .at the 7::;lh prrct.·ntih· for nitra.(' + nit.-itc. ()ncL' Ihl' fL'(L'i ... illg \\ m..:r~ arc 
,H.kqLl~\h:·I: (l~~cs,,('d, tIll' appropriate nutriL'1l11imit :-,llllUld Iy inclLkleJ ill Lhis pl,."rmil. 

5. l\lcrc1Jf) 

C<.Rlmentl'CS r,,'Iul's! Ih .. t thl' Division iml'0'l' nlllnt'ri<' WQIlELs for me,.eu,., in holh 
(Jrrmit.... \k'n.:ur: is cXlremt.. l~ h1_\I\.'. 11,,'ni"knL Clnd hi'Kl(CUmulative. l he pl'nn1h 

~li.:k.lhl\,I\.:dg\.· tlIe I".'k'\i.llcd pre~(,IH,,: ..., ol·lllt..'rL'Ul'~ \.11 both planb. and ide1Hil~ lht' l"L'cl:i'in,:; \\al,,~r" 

d" in1p~lir....d Juc lo c.'\l"l'~si\ L' Illen..'ury ill Ji~h ti:-;'Slli•.', \!a\SUIl R-14 10 R-I:': Stiles R~ 1-+ to R-l ~ 

It appl:ars Ihal 11H:rL' IS a reasonahk 1"I\lh:llti~d lur Ih~~ lIisclwrgt::> IrOlll lhl'~l' planL:' to Glu:-.e til' 

LOlllrihulc In \\;ll~'r qllalil: "iolatioll"; !(lr 1)h.'I''':\.I1'), p.lni-:ularl: If tile an111) SIS is L'OlH.hILIL~d 

\\itlwllI u"ing mi,\lll:; (011(':-, (s~c helm\),: ,\(L'or~iin~l-"" the pL'n11ih :-;hduld illlrhl:"iL \\'()HLLs hH 
ll1L'n.:ur.'. l'L'IlIl. l. (l1lW R. &. Regs. 12()(J~-+~3~,Ci"~r-t l(j 1 IIK~c' limits should be ll~hL",1 on I, PA '" 
~OO I mdh: Ill1lT..:~lr.' rul ..... and 2UO() guid~ll1L'L' F P-\" (rliil/uiI,'/..' ./01' IlJlph'J1Jenl in,'..: {i!e .!ufllH/n 
_'[!f.l1 I/Cll.illiJH'} cill L Itt} ('J ilL'rioll. EPA 8:'~R·(j\)·(lIl.? at ~5 (2009) ["[PA ::::IIWf (JlliJi.lIlcc")_ 

I ilL' I )i\ i..,ioll h:1-- prc\ iou .... I) acknO\\ kdgL'd Ih:l1 1lli...:"!"L' i:-. Ill.) l'l'ITcial ion het\\ LL'll Ilk' Di\ i~itj[} ':'i. 

\"".\i~(IIl~ ill~':'lrL',-1Il1 mmH:Til".' sl~llldard i.lnd li~h tl:-;..;IIL' l'onv.... nlnnioll. 11)1-.l Rq,~.ulatiJl'.'· 

-' \\'I1L'[Il<-T lk'l'l' \" ,1~ll1,JlT: ,.I r;:a~ol':tbh: rHlL;'llililll,) c\.ceL'd 111,;n'<~~1I11 cl'lh:r:~l 11.\1 11:":lTUI'.\ d..'p;,.·lhl., \)1'1 -,II'L:a,n 

l~,t"h:;JdlHltl Cl'll,:':l\lr;tli,q) fhc IInll PL'll:lIt- ;q1p~,1I {(" h(' 11,,1]) 11'.\) dilL-rl'lll Ji~lIr\.·~ ,I", lftl.' b;i .. "\!.I'lIIH1'[ 

\.l1n~l.')1t,';11Il)JJ· ~ -=' I > )i';; ] f:'1 i k'" f{-,~ I, !\l,J\'.,Oll [{-··l IJ I and IllIl) l~ I I ~l \ k:-: 1~ _·t~. \1 il~,:~( 111 R-.J..J.) ! j [he Ill:':)k'i 

lHnlh(1' I ~ rl_'IT~'~'I, 111":1 : I[','U: ll1lit,;h ,\Il~ Ilh'a'oll [',II'!..:: .jilWllill III llU1m;:rl·lll.~ III LII .... d1~l.:hJ['g.l' \\ ulJ)d I L~qH in,: ,I Ii rn II 

;J, lb~' \\ Q( .;,f~ I II~ Ii ":lid-nf-pipc. I 
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ApproCIChc., Lll 'vlercury L1tlucnt l.imits. Hl,h Alexander. "I II. fOUlld 31 
http::'In\ \\ .em.doc .~,,\ "PDrs/Mercuf) SlJ1ll1ll itOl):I)~Ak.\anJel~,,2()\lerCLIr)o. 020 Regulator) %20 J 

s,)ul",~s,pdr. llowc\ ~r. if the Di\"lsion is unl.lbk [0 dppl~ lhis I11cthodolo~~ al this lil11~. aT n 
mininllllll it shonld iml''''c an enJ-,,!:pipc limil "f .OSI ~'L '1 cnll. C"lllp, R. & Rc~" 12(1(q-)
.1i3(4Hjl, 

[he Djvi:-::10ll should nnt alh.l\-\ 1ll1.\.lIlg loncs for l1ll.'r12ury In lhl' Jr~\n permils lhr: Di, isil)ll is 
('fkcli\'t:'I~ "Iht\\inb imlnense mixing I.on.:..; h~ Llsing slrcam allncatiun t:KlllfSJ basl.:d un Ih~ 
'?Iltire- 11{1\\ ll" Ilk' \lississippi Riycr ill its reasonable p01l'ntial analyses. -rhis is illappr~lpri:.H~ fot' 
I1H:n:ur). gi\'L.'ll Llml the in-sln:am impainllcllt is Juc w the lJi\i:-.ion"s fish tissue aJ\'bDr). 
JL'l'lIll.:SSL'C rul~s prohihit mixing lon~s that "ad\\~T~~ly alfeel (h~ r~asollabk :.mJ IlCeL'SS.:lI'Y llSl'S 
1l11hc ,"'c,," til' Lh"L "cndang,'r thc puhlic heallh or "dElre" Icnn, ('omr, R, &: Reg" 12110-~-3
.I)5l2:1. ~ Icrc. LhC" rccreatiollctl LlSC oCthe \yaters IIJr ti:'hing. I~ impaired. and there may he a puhlic 
health ri~k to people \\ho l:nllsum~ li:-.h 1'rom the ;lrctJ.. Ivlorl'o\l.:r. EPA has stated LIlat a mixing 
lolll' i..; \lot applicahle "y,hl:n applying t~l'lish tisslIl.:-bascu l:rlkrinn" I(lr rnclh~lmercur). EPA 
::!OOl) (juidance at 6:'. L\~n if till.: Di\islon uses its exi~11ng in-strt'nmlllt'rl'L1r~ (rikrioll. il should 
do So \\ ithoul a mixjll~ /.Oll~. 

\\'hil~ \\C apprcdall' Ihe rcqLtirernent thtH the permlucc conduct morc SCl1siti\"~ mcrl'ury lcsling 
in thc rlll11r~. il is rw longa surtici..:-nt tomcrely lllonllnr mL'rL'lIr~ Jisl'harges. The Di\-i:.;ioll lirst 
issu~d a fish ,issue ad\-isor:y in April 2(J()7. Commcnll"r!" i,;ommL'nlS on a prior dran l't'lh~ Stiles 
1"(Tlllit ~ suhl111ttL'd in April ~(H)l) - noted that the l11l'n':L1r~ sampling mcthod \\as insufticiently 
;;;;;ensitl\-c. lDr,C ilS-elf aekno\',lc-dgc:'. that the pennil rcnc\\a! applications pn1\ ided insufficient 
data to LJ.lnntil)" mcrcury in thl' cflluctll. ~,1axson at R~14. Stiles at R-1~" It is the permittee's 
obligaticJIl to I'nn"L.:Jc thl' infornuuillll required for tht.' Dh'ision Lo issue' a NPDLS permit. renn" 
Compo R. & Reg ..... I~OO--J-5-.05{:!). There ha~ beell all)pl~ lime f(lr the pCfmitkc to hm e Jone SIl" 

(., Ovcrl1ow, 

Commenters re'luesl a minur d.rilkation or ParIS 2.3.3(1I) of the perlll;.' so lhal lhe first 
,entenl'l' hl'l:im, "The pcrmilll'c is rdincil or the prohihition lin ncw or additional flo"s 
after... :' :\s the provisioll is curn.:ntly drafted. it is unclear \\hal "this rcquin.'lllt'nC me-arb. ant! 
Lhis phri.bL' l"ould he interpreted Il' include the requirement:-:- Ihal "0\ l.:rtlo\\ S <.In: pruhibiteJ·· 
and/or 111M the "permitlcc shall operale the syskm so as Id a\oiJ o\erllt)\\:-;"· 

7. Ilidilrin and DDT at Stiles 

('Illlllll,'nt".·, rC'luesl clarification or thc basis for climinating limits on dicldrin anill)J)T OIt 
Stiles, lind, if 1l1'l'ropriate, the retention of these limit, as sel forth in thc currcnt permit. 
I"he Rationale does 110t adequately dOCllll1ClH how the elimination or these limit;;., tils 0111: or lllr.:
t'~l:eplinIiS 1\1 thl' ~lIlli-hacksliding rule sc1 t()rlh ilt Tenn. Comp. R" & Rl:~s. I~(JO-""-5( J )(j I. TIll..' 
rcrmiucc's 1~li\un.' tn install lrentllll'nl L'quipmcnt is hardly some1hing: h) h...· rt,'\\ardetl b:
l'liminJting a limit that has heen in p]al,:c for (n-er a lh.'Guk. TIl~ Di\ isil)Il'S assenion l!U( thL~ft: i" 

(",llllll\l."lltL~r"... nLl[~~ rhill Ilil' ~lrl."'lllI .llluc:;1!Jflll r'll;tl1f:' appli .... d lu [ht.: [\\\1 p~l'lnil'i diller ~i~I1JlIl::1IJ11~" I. ·"i'!!Jiji"<.' 

\f.1.\-'PII .11 R-3,s (')O'\-d lL"illl Slik.-. ill R-;1lJ C:;Ofl O)" rhe R,nII,1I1:11 ...." dl) IW! L'\(lI:li!1 thi-. dinl:f1:nCl' 
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110 n"i.\s\ll1abl~ l~nlL;lllii.ll to eXCel'G \\alcr qll<llil~ L'rill:ria i:-. IHll ~Lifli(il,.'llt. Oil I\:-. 0\\ 11. In ju:-;til'; 
,,:1i111111i.lti()11 of the limit. In thL~ resporht' (0 ((111uTlcnh. plea:-ic ,-'\plain precisely whicll exception 
In Ill~' allli-bacblidin~ rule- applies, and [\U\\ l',1ch clement ot' thaI L'.\cl'p,ion ha" hl.'L'n :·<lli~li ...'d. 

We ~1'prL'c;al,,~ tlk' DJ\ision"s coctsitkT<ltiiHl \)flllL'SC ":i'l1ltIlL'IlL". nt' nol hcsitah.' In L\~nULI In\,.' at 

g(l5-::;~~-7007, i()~ oral if:ULl ha\l,.'all~ qUI.""tinns, 

.\ \cll\in~t"
Staff ;\lIunh.'~ V	 Chair i)f the \,'alel' ('nllllllitl('L' 

I ('nneS:::·CL' Clean \\'~lll'r :\I.:l\\ilrk	 rcnIlL's:-'i..'~ Ch~lpt~r of llli.' Siclra Club 

Lee;	 'IiIr' Nuht<:l. I 1'\ 
Cunnic KdgC:. ElJ.'\ 
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Appendix AD-Dl
 
Buckeye Technologies Written Comments (Submittal By Bass, Berry and Sims)
 

BASS
 
150 Third A~Cr\ue S~llt~. Sl.lite 2B:Ul 

J. Andrew Goddard rf~5~Wllle, T'- )~201 
~: ('S15114;L,>ij:2211 \6:iS.17 4 2-6200 
FA:<: (1)15[142-27211 
10-1.(,\1(. d9ocXi ..d@~.a5sbeIT)'.com 

August 16, 2011 

VIA EMAIL AND U.S. MAIL 
Mr. Vojm Janjic 
Manager, Pen-nit Section 
Tennessee Division ofWat.;:r Pollution Control 
L&C Anne•. (j"' Floor 
401 Church Street 
Nashville. TN 37243 

Re: Dn.it NPDI!:S Permit No. TN0020711ls,\Ied May 17,2011 
\lemphls - Maynard C. SlHe. STP 
~Iempbis. Sbelb~' CO\ln~·. Tennessee 

Dear ;\1r. Janjie: 

111is firm represents Buckeye Technologies, Inc. (UBuckeye") on t:t:rtain ma.Lters. On 
behalf uf Buckeye, the following comments are submitted wilh respect to the referenced draft 
NPDES p<,'rrnit (the "Dmll h'nnit") proposed tu be issued hy TDEC to the City of Memphis (the 
"City") with respeellO its Ma)motd C. Stile' Sewage Treatment Plant (the "Stile' Plant"). 

ComlIlents on Color Limit 

n~c color standard has been changed to "The wastewater discharge must not cause an 
obJeclionable color contrast in the rt:ceiving str~am_" This necessarily should be inlelpreted to 
he eUllSistenl willl applicable Tennessee Rules. including in particular Rule 1200-4-3-.03(4)(d) 
.nd Rule 1200-4-3-05. The fonner prohihits, in relevant part, "eolor in such amounts or 
character that will result in any objeclionabl~ appearance to the watcr~ considering rhe n.zlure 
and local ion 411w waler." (Emphasis added). Th" laller requires that the efieclive dIScharge on 
receiving streaJJJS "sha" be conSidered beyond the miXing zone" (emphasis added), as more fully 
described in the comment letter Bm;keye previously submitted on December 10, 2010, Buckcy"c 
suggest that either this permit language or the R.Hiol1alc he modified to make it clear that this 
llennit condhion 1S 10 be interpreted consistenl with the: requirement>; of these t\\iO Tennesset: 
Rules. 

Section R8.14 of tile Rrttinnale states in part that '>Distinct in-stft:'am plumes H~uc to 

disL:.harge turbidilyicolor ~Uld/or [u:un 'Ire not allowed pursuant to Tcnn('ss..:c's narrative ',J,,::J.tCf 
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August 16, 20 I0 
P~ge 2 

quality rcxjuirements \ 1200-4-3-.0J(4I(d))." (Parenthetic,ls as in originaL) This is consistent 
with the color standard in the previous dran pennit (which, as noted in Buckeye's previous 
commenl lelter, is not consistent with the Tcnnessec water quality criteria lor color) but is not 
consistent with the color limit in this Draft Pelmit. For example. a plume with a slight color 
contra,;! would not necessarily be objectionable. Buckeye suggests thallhis sentence be deleted. 

)nc.O.IPQH!ion of Prior Comments 

Buckeye hereby incorporates herein by reference the comments in its previous comment 
lcllc"I, except ror those lhal have been aeccpled, or rendered moot, by changcs in this D:al\ 
Pernul. 

lneom"r~tion of i\mcrican Yeast Comments 

Buckeye h.s reviewed the comments On the Drall Permit submitted by Michael E. Scott. 
on hehalf of Ameflcan Yeast Corporation. dmcd Augu51 15,2011. Buckeye is fully sUPP0l1ive 
of those commcnts, and thcy arc incorporated hcrcin by rcferenee as well. 

We thank you for your consideration of these ,ol:1mel11s. Please include me, as ,ounsel 
for Buckeyc. on the mailing list for this pennil and ,<.'py me <,lll any future correspondencc on 
this, including any mailings or cmailings of draft or final pernlits or notices w;th rC'lJlcct thcreto. 
tmJillllailing j; preferred. 

Thank you very much. 

Sincerely. 

Goddard 

Cc hy eJll~tl: • "I' 

Saya Qualls " ~ I 

Patrick Parker 
Gary Cohcn 
'vlichacl Scon 
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Appendix AD·E1
 
American Yeast Written Comments (Submittal Nutter McClennen & Fish LLP)
 

Gary Dayis - RE: Comments to Draft Xl'DES Permit ~o. TN00201I1 

From: Michael Scott <MSc:::olt@n\Jttl,':r.t.A.~m~·
 

To: 'Gary Davis' "·:::Gary.Davis@tn.go,/::>, Ask Tdcl.: <..Ask.Tdcc@ln.gol/>
 
Date: 8il6/201] 5:34 P1vl
 
Subje-ct: RE: COmmL"11.ts tLl Draft NPDES Penni1 No. TNOO20711
 
CC: Vojin Janjic <Vojin.Janjic@tn.gov> 

Mr. Da.vls. 

I want to cl<HilV [hOlt ArnelKiHl '1eiilst Incorporates by reference into the conHI'1~nh s.UUrrlitted on Aug •• '>t 15, 2011, ib LOflimenls 

in Its previoiJS comrneru ICltN dated November 1.9,2010, except for those tha: ,",ave been accepted, or rendEred mact, by the 
changes in this draft pprn-;it 

Thank you Mr D;)VI~ 

Michael Scott 

fram: Gary Da....1s [mallto:Gary.Davl5@tn.gov] 
sent: Mllnday, AlJ.gusl15, 2011 3:39 PM
 
TO: Michael SCOtt; Ask Tclec.
 
Cc: 'Edwards Gary'j Kolano Tom; Vojin Janjic
 
Subject; Re: Comments to Draft NPOES Permit No. TNOO20711
 

Mr. SCott
 
We appreciate your attaclled comments.
 
Thanks
 
Gary Da.... is 

»> Mrchael Scott <MScott@nutter.com>8/15/2011 2:31 PM »> 

On behalf of American YCIi'it Corporation, (have mtnchcd comments on the draft NPDr~S Penni! N11. TN0020711.
 
\"vQuld appreciale it if Yl~U would ack:n~)wlcu,gereccip1 by sending me a n.'"P1y to thi.-; emaiL
 

Thank you 

fv1id".l(:1 ScOtl 

Circular 2~~O Discll1i;ure: To ensure compliance With IRS Circular 23U, wr: infL'nTl you Ih<ll all)' ~i...dcntl ta:\ advicl.l
 
iocluded .in thb COtllJowucalion (incluthng attaehrncnts) is not inll,."TlrJcd or .....Tiul."T) 10 bc LlSed, ltr.L! it cannot be us;;:d, for
 
the pwpllSC of (i) a... oiding .he imposition of federal tax penalties or (ii) promClting, marketing or rccC'rnmem.ling to
 
olJllllha:r p..rty any lransaclion or rn..a.tter addressed herein.
 

Circular 230 Dis-closure: To 1.'TI~ure compliance with IRS Circular 230, we infonn yOU tllaL any too~ral ta.'\ i:llki;;e
 
lnduded in this communication {including lttw::luncnts) is not intended or written to be nsed, and it cnnnot he usee, lor
 
the purpose of (i) avoiding the imposition of t't"dcml tax p':11l1ttics or (ii) promoting,. marketing orrecommcnding to
 
another party a..i"1.Y lrtlll!>acliol1 M malic: addrcsied herein.
 

I 
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~ Nutter
 
Miidulcl E. Scott 

Direct Lin\; (in 439-2811 

fOl\: (j17-31lJ·9B.11 

[·mail: m.~c{m.;I :'.uner...:clnl 

Aug'.Ist 15. 2011 
191HR60 

I", Elcdronil' ~'[_ail (Q~r~'~,p~yis@ln.go"')~ 

~.t.~~~.!:!ified !\1~t1!-!!~!!f!1_J!~~ipt1~~qul'81l'll 

S(;ltc of Tt:"nne,ss~t: 

Departmenl or Em Ironment and COlls~rv;Hj()!l 

Ann: Mr. Gar)' Davls 
4U 1 Ch~lrch Stree1 
L&C AnnC\, 6'h Flour 
K,I'll!vi11c, Tl\ :17243 

Rc; Comments Ju Draft of NPDES Permll No. TN002D711 

Lkar Mr. Davis: 

I am ~ri{iIlg on b.:':halfof American Y':<J.\! ClJr'P~Jr<uiun ("'A)"e") with reSpei:110 rile dratl. 01 
NPDES Permit No, TN C~J2071l thal 'A.it~ is,;uL:d. by dl~ Teml~~sec Department of Ellvironmcm and 
Cllll~ervauon ('"J DEC") un May 17, 2011 (the "May lOll Draft Permit") for dbl:h'Hg~S frorn the 
lvhyn:!rd C. Stilt=s wast~wa[er [reatmerll plam {[h~ "WWTP"), f\:, nored ill our ~ovemb\;'r 29 ZUlO 
letter tu TDEC r~gardiI]g the August 30, 2010 version nf this permit I'rhe "August 2010 Olaf. P~nni[, 

A YC opcr<ilc~ jj yeast rl.:mt at 2405 North Street, MemphIs., and i,~ :1(; industrial discharger 10 th~ 

\\,WTP, The folloWing oh....ervatloJl~ an: bas~J on om rr.;yi~\". of the May 2011 Draft Pen)lit and olllcr 
m,Hcr131s dl:~l.:rjb~d belm'r. 

Wil; h: IIlI! August 20 JQ Drdft Perm it, al p;lgt: _', stated that "J tJhe \Vlt':ill:watcr dis,~h~H ~',e shall [101 
call"'" a di"lirh:[ celor c0I11ro1::H .. ' in the rCl.:CivlOg ~lrcml1 r.r it ;~prt'<lr'i that TDEC, In thl~ .\'by 2011 Ufilft 
PL:rrll it. ha~ i.:host'l\ hi ~turn to the color .sf:l.ndard comain>.:d in the currenl Nl'DFS permit for the WWTP, 
wh leh prl'lhlpjt:, "l,hjectionablc" 1.:.0 lor contrast in the TL'cei"ing strc ..m. Our Novemher 29. 20: 0 Idler to 

fDEC ~':;cl f'Hth several reasons why Aye belich'S the "o~j<;;l..:tiLmab1L" color contrast \\':1':; Ihe correct 
l1l~thod t~,r lll-:':1:'lming color. 

Under the May 2011 Draft Perlnil. ;;"olm (Pt Co I 'nil';) J'L1Jt= and ApparC:1I1 is fL'qlllre,lll' bL' 
llHJllilnrcd on a weekly basi:;. In nddilioll, lit\: \hy 20 Il Ordi Permit requires ViiiUdl UUlf;tl~ 

Ob~crV'~I:i..111;; (111 a {bil} basis. The r..'lay 2011 Dra11 Per!llit. hO\\L'v..::r, d\.lCS [lol aulht!ri7.~' lilt: 
c.5lah;l:dlln~nt ~~f a mixing zone ti..)f monitoring l·rtkr. \\hich A"'C bdic\'l:,~ rnay aid in nlOllilDflIlg \)fand 
cl;lnpli"n.r.: c \'\ ilh Ihe l1hjectionablc l..:llh,r ~[andard. 

t\~ Ill,{(;d ill our November 2010 Letter, Iherl: ar~ c.olor COntTflMS throughout the WJ!crs at' th~ 

Mj~~isSlppl Riv;,:r, llul.kjng i( difficult to £Ic~llrJ(d} dt:t~rmiI1c compliance with th~ JppL~;lI.\t' \Vdt~r 

QU<:iin}' Criteria. Ont way ro assis( in mCJ~ur;ng sUl.:h cornpliam':l; i::; 10 instillllt" il nllxing i'O:l~ for <..:olor 
at the uutfall hlCJlioJi. Section 12004-3-.05(2) (If [he -lem:cijs<:e \Varcr Quality Crilt:ri<i S[<jl~" [hal 

14 I'",' ,I 
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State of Temlessee 
August 15,2011 
Page 2 

"[t]he effect of treated s~wagc m waSle discharge on the receiving \valcrs shall be considered beyond 
lhe mixing lone c;u;cpt as provided in Hus paragraph." The relevanl paragraph provides for restrictions 
in the implemcncat.ion or a Iluxing zoue in certain instances, nonc of which would apply in the case of a 
color standard, Given this dirci.~th·e wilhin the Water Quality Criteria, and gi"en that a mixing zone 
would ilid \n moniroring complian.;e wIth the slandard in the Water Quality Criteria, it may be helpful 
in the development am] imposition of color siandards for the May 2011 Draft PerrnillO pw\'ide for a 
mi,mg zone for color. This has been done wilhin mher NPDES permil' i"ued bl' TDEC I, and would 
provide meaning to lhe phrase "considering the nalurc and ]o~a[ion of the water" in the Walt:r Quality 
Criteria when determining whether lhere exists an objccdonabJe color appearanl,;e. 

Specifically, AYC re!juests Ihe following change, to the May 2011 Draft Pennie Pages 4 "nd.\ 
of Ihe May 2011 Dran remlit de;ctibc the monitoring procedures for the WWTP's effluent. Jt stales 
thal eftluent sample~ must be collected prior LO rnixing with any Olher discharge or the receiving 
streaJn. 'Jbe measure of an aobjection:.tbl~'· color standard requires observation of a color cOlllrasL 
Color contrasT i;."annol ~ evaluated U1l1il the eftluent has cmcrcd the mixing ZOIlC'. Color ob~er\'ations, 

then:forc. should instead be made imml:diatcly downstream of the mixing zone in !.he receiving stream 
to most effectively measurc a.ny color contrast. 

Please contacl me with any questions or cuncerns regarding !.he above, Thank you for your 
consideration of our comments, 

Very truly yours. 

Michael E. Scott 

L'c:	 J\..1r. VOjll\ Janjic,. Mana~er, Permit Section, Divisi{)n of\Valer Pollution Control 
Mr. Gary Edwards. PresiJt:nL, Americilll Yeast Corporation 
Mr, Tom Kolall!), P)anl Milllagt:r. American Yt:ast CorporaTion 

i Sec, for ex:amplt.:, NPDES Permit No. TS(lOOB56, )SSUi.~d by TDFC for Bowal~r Newsprim Calhoun 
OpcraLlons (aHowinf: for a 2,000 fOOL mixing zone). JnJ NPDES Permit NQ, TN0002232. issued by IDEe 1m 
r..l4;kaging:: Corpor;ltion of America, Counce 1\1111 (allo~ing fm,J 1,000 fOLll mixjog zone). 

EPA-HQ-2019-004783   001368



Memphis-Maynard C. Stiles STP (Addendum to Rationale) 
NPDES Permit TN0020711 

Page AD-73 

Appendix AD-Fl 
Ms. Mary Wilder Comments 

\j,4' I' JdO ":
 

-cr l)o:~.~~!, U~:~~I~'1'jol'! f: r El'ftt':r·i("I~"o': 3M':l1 ::I,~H~I:'I' Ji.\,IIU\
 

Y:,·,,~ "11'(11 ':~;Li:lil
 

f:~ .. ,"";11 .,; nT~4i:! P':I.,;"'; (:n C,~li'I:,
 

.:.::. :J1l..ld'" ~',1'~1':
 

L.!.C ';0".::t' tW' ·t'~f
 

r~'<l·': iill TIl1"·j l
 

Th~, '.j';''1 rt-':ul ~i fj,'::".:.C ~Ie~ J~/ ""3 nl~ ,or:; ....';Wf 4",eJ,h !:.' 'lal:t':J f 1:l"'fIoi)'~L:C T·~~ I=~'''fdl nh,!;' :J 
~ ~rIf.H;~.i.J~ j)~.j 'q:(~nl;' ~ ..~ f)M" II ~ll:Jv,' ·... ~Ift·''"o~ ::..~ 1:! 'Ari'14•.f!~ Ot:criJ:~! . ~I," ,-Wfl'ifll j::tCffllll ~ ~~ 

~~.l! (;~'~(I .(>~::;re.1 I,.." ...Ii '.. II"; ~'\;'J" 
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tu ~:'-.,~W: ,'lIrr' n~:1 ,J~.f_ ii";",,!rg I toe rl: lJf:lrt::. "u::'" t.:.: fC1:Jbj ,,; i i',if!': ~Ii ;:,:cre1~, ~rd ·r.~:M"".'hi .:'1: 
'tr r.I:4:: :b'oQL,ilil\l irol:r-..,h~r. rK' :~"N·1.;",,~ 7't: •. i.j ,tI~ j.I::'':JoI ,~·..,,*a;f,iQ ~q-r; U'l,.,~ ~~I:: t:l ~ 

4101',:,1' r ,~y~),v i~,=!Ij~nl 
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'(,j~":R' :u~,; -~ rl;Jlht'.:o. (: Ill," x' 1 CI.; i.: y.hlJ.""; Had" L::' (~:(,:" ltjY I..,!"" ;.o'.l.OlI!: rU t;,;;rl:::J1 r~=1' T I'f '1 .',:.{ \,; 

:~:"h"! (:; 'Ill! ;;;~,:.~'I~~~'; h:rtl ':Ti\1't'!' V:i~1 -~~~ o;ll1"!' A~ 41 ril~li ;l[:!:~~:i:' t"f' "J~L·:.t+' I' r;tn' 

-'i"dr~ ~(;" l~~ l~ ~ toiil:; ::'11''11111£:''.: t:ro-:-r.:~.l$ "I' h~11r, :l~'7(:rr:; t~ "'l.'~I·.'t:ill' .,,;,:~,~~ (l.P' '... .,I~ ~H"" 

ii"l:::' Cd' t("("tt. ~A't 

~'y!1 'h':~ 

~"'~! ~ .':ta~M~: 
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RATIONALE 

Memphis-Maynard C. Stiles STP
 
NPDES Permit No. TN0020711
 

Permit Writer: Gary Davis
 

R1.0 FACILITY INFORMATION 

Memphis-Maynard C. Stiles STP
 
Memphis, Shelby County, Tennessee
 

Treatment Plant Average Design Flow: 13S MGD
 
2010 Percentage Industrial Flow: 18.1 % (based on design flow)
 
Treatment Description: Contact - Stabilization Activated Sludge
 

R2.0 RECEIVING STREAM INFORMATION
 

Mississippi River at Mile 738.8 
Watershed Group: Mississippi 

Hydrocode:8010100 
Low- Flow: 7010 = 70,SOO MGD (109,000 CFS) 

300S = 89,900 MGD (139,000 CFS) 

Receiving Waters: Outfall 001 Discharges to the Mississippi River
 
The Mississippi River is classified as
 

an Exceptional Tennessee Waters, (Due to the
 
Federal Endangered Pallid Sturgeon and
 

Tennessee Threatened Blue Sucker Fish Species)
 

Receiving Stream Usage Designations:
 
Domestic Wtr Supply Industrial Fish & Aquatic Recreation 

X X X 
Livestock Wtr & Wlife Irrigation Navigation 

X X X 

R3.0 CURRENT PERMIT STATUS
 

Permit Type: Municipal 
Classification: Major 
Issuance Date: 3/31/2000 

Expiration Date: 3/31/200S 
Effective Date: 4/112000 
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R4.0	 DIVISION'S PROPOSED NEW PERMIT AND REFERENCES FOR PREVIOUSLY 
SUBMITTED WRITTEN COMMENTS REGARDING PRIOR DRAFT PERMITS 

For developing the M.C. Stiles STP's (TN0020711) new proposed permit, the division 
received/evaluated numerous written comments for the following previously-issued draft 
permits. 

•	 Draft Permit (August 28, 2007) - Public Noticed (August 20, 2007) 
•	 Revised Draft Permit (March 11, 2009) - Public Noticed (February 23, 2009) 
•	 Draft Permit (August 30, 2010) - Public Noticed (October 11, 2010) 

The above drafts and comments are in division's Water Pollution Control (WPC) permit 
file. 

R5.0	 PERMITTEE'S PERMIT MODIFICATIONS REQUESTED IN NPDES PERMIT 
RENEWAL APPLICATION 

The permittee's current NPDES permit limitations and monitoring requirements are 
presented in Attachment R-1. 

In its NPDES permit renewal application submittal the permittee requested that the 
division consider the following items: 

•	 Increased treated effluent BOD5 and TSS limits due to its relatively large 
industrial contribution. Based on the permittee's supplemental permit renewal 
information, the division has included a variance from federal secondary 
treatment standards for the permittee's treated effluent. 

•	 Allow higher-than-design monthly flow rates to be used for calculating treated 
effluent weekly effluent mass loadings. No change in the new permit is 
appropriate. For municipal wastewater treatment facilities renewed permits, the 
division determines treated effluent limitations, including maximum weekly 
concentrations and uses the permittee's design not an actual flow, to establish 
corresponding weekly mass loadings discharge requirements. 

•	 Pesticide monitoring requirements be eliminated or frequency reduced to once 
per permit term. Based on the continued wastewater input from a pesticides 
manufacturers, the permittee's pesticides DMR monitoring results, and the July 
25, 2008 Total Maximum Daily Loads (TMDLs) for chlordane, dioxins, and 
polychlorinated biphenyls in the Mississippi River, the division considers the 
permittee's treated effluent to contain pesticides that may possibly violate water 
quality standards and/or contribute to the receiving stream impairments. Thus, 
no reduction in monitoring frequency is included in the new permit. 

R6.0	 EVALUATION OF CURRENT NPDES PERMIT COMPLIANCE AND PERMIT 
RENEWAL APPLICATION INFORMATION 

Treated effluent monitoring results are provided in Appendices R-2A through R-2F. 
TDEC personnel completed numerous compliance evaluation inspections since the 
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current permit's effective date. The following types of treated effluent monitoring 
results were evaluated during this permit renewal process: 

•	 Discharge Monitoring Report (DMR) 
•	 Fecal Coliform (provided in NPDES permit renewal application) 
•	 Organic Pesticides, DDT, Dieldrin, and PCBs 
•	 Total Dioxin 
•	 Whole Effluent Toxicity - LC50 and NOEL (DMR) and IC25 (data provided 

in NPDES permit renewal application) 
•	 Ammonia, Total Kjeldahl Nitrogen and Total Phosphorus (data provided 

in NPDES permit renewal application) 
•	 Other Parameters (data provided in NPDES permit renewal application) 

R6.1. COMPLIANCE EVALUATION INSPECTION (CEI) RESULTS 

Mr. Eddy Bouzeid (TDEC Memphis Environmental Field Office) completed CEls on 
(June 19, 2001, October 20, 2003, October 24, 2005, April 10, 2006, June 20, 2008, 
and June 3, 2010) and rated the permittee's permit compliance as "Satisfactory". 
Effluent foam was noted during the June 3, 2010 on-site inspection. 

R6.2. DISCHARGE MONITORING REPORT (DMR) RESULTS 

The DMR results for the months ending April 2000 through March 2011 are provided 
in Appendix R-2A. As shown in the Appendix R-2A, the permittee has had consistent 
sanitary sewer overflows and some effluent BOD5 and TSS permit exceedances. 

R6.3 ADDITIONAL MONITORING RESULTS FOR TREATED EFFLUENT 

This section includes monitoring results submitted pursuant to the permittee's 
current permit and data included in its NPDES permit renewal application, as 
supplemented. The basis for applying monitoring requirements and limitations in the 
new permit is provided subsequently in Sections R7.0 and R9.0 

R6.3.1. Fecal Coliform 

The permittee's current permit does not require fecal coliform monitoring. However, 
in the permittee's NPDES permit renewal application fecal coliform results were 
provided for three treated effluent samples. The maximum fecal coliform result was 
660,000 cfu/100 ml, with an average of 507,000 cfu/100 ml. These are high values 
because effluent disinfection is not being used. As illustrated by the recent E. coli 
results presented in Appendix R-2B, it appears that elevated E. coli levels exist near 
the Tennessee bank downstream of Outfall 001, including in the Wolf River Harbor. 
As such, an E. coli compliance schedule for the design/installation and operation of 
end-of-pipe disinfection system is presented in the new permit's Section 3.5. 

R6.3.2. Organic Pesticides Chemicals (inclUding DDT, Dieldrin, and PCBs) 
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The permittee's treated effluent organic pesticide chemicals, (including DDT, 
dieldrin, PCBs) monitoring results summary is presented in Appendix R-2C. 

R6.3.3. Total Dioxin 

The annual total dioxin results for the permittee's treated effluent are provided in 
Appendix R-2D. From these results it is apparent that the treated effluent contains 
some total dioxin. 

R6.3.4. Biomonitoring - LCso, NOEC and IC2s 

As shown in Appendix R-2E, the permittee submitted its biomonitoring LC50 and 
NOEC results for its treated effluent consistent with its current permit. Some acute 
aquatic toxicity was demonstrated, with 96-hour LC50 values of 70.7% for water fleas, 
and 45.1 % for fathead minnows. Due to the type of treatment system used and the 
large amounts of diverse industrial wastewaters treated, more acute toxicity was 
expected. 

For its permit renewal application the permittee completed the four treated effluent 
IC25 tests shown in Appendix R-2E. The permittee's treated effluent IC,5 results 
demonstrated some chronic toxicity, with IC,5 values reported ranging from 30.3 to 
36.4% for water fleas to 11.2 to 47.7% for fathead minnows. 

R6.3.5. Ammonia, Total Kjeldahl Nitrogen and Total Phosphorus Results 

The permittee reported a daily maximum ammonia-nitrogen value of 40.9 mg/I and 
total Kjeldahl nitrogen of 45.9 mg/I in its treated effluent. Relative to domestic 
sewage, these results are relatively high values and probably partially due to the 
facility's large industrial input. 

The permittee reported an average total phosphorus result of 7.56 mg/I for three 
treated effluent samples. This total phosphorus is relatively high compared to 
domestic sewage, and is probably due to the treatment plant's large industrial input. 

R6.3.6. Other Parameters and Toxies and Metals Results 

The permittee's permit renewal application indicated the treated effluent mercury at 
less than 0.2 ug/L for three samples. However, as shown in Appendix R-2F, mercury 
was present in the permittee's on-site Old and New Landfills groundwater samples 
and sludge samples. The permittee reported 2009 influent and effluent mercury 
values of <0.2 ug/L, with the exception of two influent results (0.30 ug/L for 7/1
2/2009 and 0.20 ug/L for 9/15-16/2009). Based on these results, sampling 
frequency, and the large/diverse industrial wastewater input to the permittee's M.C. 
Stiles STP facility, the division considers that some mercury probably is present in 
the Outfall 001 discharge. Therefore, the new permit requires mercury monitoring 
using a more sensitive method. 
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R6.4.	 DIVISION'S DETERMINATIONS AND MAJOR CHANGES INCLUDED IN THE 
NEW NPDES PERMIT 

The following major changes from the current permit have been incorporated into 
the new permit: 

a.	 The permittee requested a variance from the minimum BOD5 and TSS wastewater 
federal secondary treatment standards for POTWs (technology-based) as defined in 
40 CFR 133.102. The federal secondary treatment standards are technology-based 
and variance changes for the proposed new permit are not subject to 
antibacksliding. 

The permittee requested a variance from the minimum BOD5 and TSS wastewater 
secondary treatment standards for POTWs as defined in 40 CFR 133.102. As 
shown in Appendix R-3, the division has determined that the provisions of 40 CFR 
133.103(b) have been met by the permittee, and the calculated limits for treated 
effluent BOD5 and TSS concentration limits have been determined. As such, the 
BOD5 concentration limits per variance follows: 

BOD? Limits (mqlL) 
Monthly AVa. Weekly AVa. Daily Max. 

Current Permit 45 68 90 
Per Variance 43.1 64.7 86.1 

TSS Limits (mqlL) 
Monthly AVa. Weekly AVa. Daily Max. 

Current Permit 52 78 104 
Per Variance 53.2 79.8 105.8 

Since the Mississippi River designation is an "Exceptional Tennessee Waters" and 
the permittee has not provided the division with antidegradation documentation 
(including alternative analyses with social/economic evaluations for the above 
increased Outfall 001 BOD and TSS concentrations per the variance), the new 
permit includes the most stringent discharge limits (current permit versus per 
variance values). The values included in the new permit are shown in bold font. 

b.	 Pursuant to the elements/timing presented in the permit's Section 3.5, the permittee 
must install/operate an end-of-pipe treated effluent disinfection system to 
demonstrate that its M.C. Stiles STP Outfall 001 discharge does not cause nor 
contribute to any non-attainment of the state of Tennessee's recreation E. coli 
requirements (maximum monthly geometrically mean of 126 cfu/100 ml with a 
maximum sample of 487 cfu/100 ml required by Tennessee's recreation water 
quality standards, Rule 1200-4-3.03(4)(f)). 

c.	 Since contaminants (e.g., newly-generated chlorinated byproducts, if chlorination is 
used for Outfall 001 disinfection) in the permittee's treated effluent discharge mixing 
zones within the Mississippi River must not exceed the division's human health 
criteria or adversely impact reasonable uses of the area, per Rule 1200-4-3-.05(2), 
the new permit's Section 3.5 defines an E. coli compliance schedule with associated 
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requirements. For example, as warranted. the permittee must post signs noting the 
hazards associated with the Outfall 001 discharge's potential human health hazards, 
including those associated with the discharges' immediate instream mixing zone. 
The division has concern that the Mississippi River flow transports the permittee's 
Outfall 001 discharge toward the Mud Island shoreline and into the Wolf River 
Harbor. Also, when the Mississippi River is at high flow the permittee's Outfall 001 
discharge may actually be transported into the Wolf River. 

R7.0. REPORTS SUBMITTAL REFERENCES 

The following summary provides references for selected reports that the permittee 
must submit to the division: 

Selected Reports Section in Permit 
Discharqe Monitorinq Reports (DMR) (a) 1.2.1 
Monthly Operational Reports (MOR) 1.2.4 
Bypass and Overflow Summary Reports 1.2.5 
Industrial Pretreatment Reports 3.2. 
Siudae Reports 3.3. 
Biomonitoring Reports 3.4 
Influent Flow Assessment Report 1.2.1 
E. coli Compliance ElementsfTiminq Reports 3.5 
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R8.0. REGULATORY BASIS FOR NEW NPDES PERMIT'S MONITORING/LIMITATIONS 
REQUIREMENTS 

Parameter Regulatory BasislRalionale Reference 

BODs Refer to Section R8.1 
T.C.A. 1200-4-5-.09 (for BOD,) 

Total Suspended Solids (TSS) T.CA 1200-4-5-.09 Refer to Section R8.2 
Ammonia-Nitroaen (NH3-N) Refer to Section R8A 
Total Nitro~en (TN) T.CA 1200-4-3-.03, Refer to Section R8.5 
Total Phosphorus (TP) Refer to Section 8.5 
E. coli T.GA 1200-4-3-.03, Refer to Section R8.3 
Total Residual Ghlorine (TRG) Refer to Section R8A 
Chlorinated Bvproducts Refer to Section R8.10 
Settleable Solids T.G.A. 1200-4-5-.09 Refer to Section R8.12 
Dissolved Oxvaen !D.O.) D.O. protection, Refer to Section R8.1 
pH Refer to Section R8.13 
Organic Chemicals Pesticides (Including DDT, 

Dieldrin, and Heptachlor) and PCBs Refer to Section R8.8 
Total Dioxin Refer to Section R8.9 
Total Mercurv and Methvl Mercurv Refer to Section R8.11 
Visual Observations Refer to Section R8.14 
Whole EffluentToxicitv: 

Acute Toxicitv - LG50 Refer to Section R8.6 
Chronic Toxicitv - IC" Refer to Section R8.6 (Permit Renewal Scans) 

Flow (MGD): Influent and Effluent Used to quantify pollutant load and 
percentaae removals (a) 

Sanitarv Sewer Overtlows, Total Occurrences Refer to Section R8.15 
Drv Weather Overtlows, Total Occurrences Refer to Section R8.15 
Bvpass of Treatment, Total Occurrences Refer to Section R8.15 

Additional Permit Criterion: 

Weekly limitations on BOD5 and TSS concentrations are given as required per 40 CFR 
133.102(a)(2) or 133.102(a)(4)(2) & 133.102 (b)(2) respectively; daily BOD5 and TSS 
limitations are authorized by T.C.A. 1200-4-5-.09; monthly and weekly mass loads are limited 
per 40 CFR 122.45(f) and based on the design flow as per 40 CFR 122A5(b); monthly 
average percent removal rates for BOD5 and TSS are required per 40 CFR 133.102(a)(3) or 
133.102(a)(4)(iii) and 133.102 (b)(3) respectively. A minimum 40% daily removal rate is 
required as equivalent to a daily mass load limitation. Additionally, the permittee must also 
use the following provisions in achieving its new permit monitoring/limitations requirements: 

(a)	 Since the permittee's treatment facility has multiple input streams the influent flow 
and resulting characteristics must be estimated. The estimated values must be used 
for calculating loadings and percentage removals. 

(b) All sampling shall be representative. 

(c)	 Facility-specific influent monitoring is incorporated into this new permit, since the 
sludge lagoon supernatant is discharged into an interceptor ahead of the wastewater 
treatment plant. Accordingly, this new permit specifically acknowledges that the 
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influent sampling shall occur downstream of the sludge lagoon supernatant return. 
However, the influent monitoring location must be upstream of any other 
wastestreams returned to the front of the plant. As such, the influent monitoring must 
require concurrent monitoring and reporting of both the quantity and quality of the 
sludge lagoon supernatant. As noted in the new permit's Section 1.2.1., within 60 
days from the new permit's effective date the permittee must submit to the division's 
Memphis Environment Field and Nashville Central Offices, an updated Influent Flow 
Assessment Report which relates the quality and quantity of contributory influent 
wastestreams. Based on the updated submittal, the division will notify the permittee in 
writing if additional influent monitoring requirements are necessary. 

R8.1.	 CONTROL REQUIREMENTS FOR BODs, DISSOLVED OXYGEN, AND BOD5 

REMOVAL 

a.	 Biochemical Oxygen Demand (BOD) is a measure of dissolved oxygen used 
when biological processes breakdown wastewater organic pollutants. The five
day biochemical oxygen demand (BOD5) is typically used for monitoring both the 
wastewater's strength and treatment facility's performance. 

Limiting the treated wastewater BOD5 (oxygen demand) is necessary to prevent 
pollutants in the discharge from driving oxygen in the receiving stream down 
below levels necessary to support fish and aquatic life. Additionally, the biological 
oxidation of ammonia requires dissolved oxygen and therefore, exerts an oxygen 
demand on receiving stream. Due to the large dilution provided by the Mississippi 
River, estimated at 522: 1 (for 7010 flow: STP design flow), no adverse dissolved 
oxygen impacts are anticipated. The Outfall 001 discharge mixing characteristics 
with the Mississippi River flow should be determined pursuant to the proposed 
permit's Section 3.5 requirements, should a chlorination-based disinfection 
system be selected by the permittee. 

For this facility, a monthly average BOD5 limit of 30 mg/I is the federal secondary 
treatment standard technology-based effluent limitation pursuant to Rule 1200-4
5-.09. However, due to the permittee's large input from major industries, the 
permittee has requested a federal secondary standards variance pursuant to 40 
CFR 133.102. As shown in Appendix R-3 and Section 6.4(a), a variance has been 
approved and applicable BOD5 limitations were included in this new permit. 
Sample type will be composite. 

The dissolved oxygen (D.O.) effluent limitation of 1.0 mg/I (daily minimum on an 
instantaneous basis) from the current NPDES permit is retained in the new 
permit. The new permit requires that grab samples be taken to check for D.O. 
compliance. 

b.	 The current and new permits include BOD5 and TSS percent removal 
requirements, based on the facility influent characteristics. This is part of the 
minimum requirements for all municipal treatment facilities as referenced at 40 
CFR Part 133.102. The reasons stated by the U.S.E.P.A. for these requirements 
are to achieve these two basic objectives: 
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(1)	 To encourage municipalities to correct excessive inflow and infiltration (1/1) 

problems in their sanitary sewer systems, and 
(2)	 To help prevent intentional dilution of the influent wastewater as a means of 

meeting permit limits. 

The treatment facility is required to achieve 85% BOD5 and TSS removals, based 
on monthly averages. The number of excursions (days when BOD5 and/or TSS 
removal is less than 40%) must be reported on the Discharge Monitoring Report. 

R8.2. TOTAL SUSPENDED SOLIDS (TSS) AND TSS REMOVAL REQUIREMENTS 

The rationale for defining new permit TSS limitations is similar to that presented in 
Section R8.1 for BOD5 . The TSS technology-based effluent limit is also 30 mgll, 
pursuant to federal secondary standards (Rule 1200-4-5-.09). As shown in Appendix 
R-3 and Section R6.4.(a), alternative TSS limitations were calculated based on 
secondary TSS variance due to the permittee's inputs from its major industries, per 
40 CFR Part 133.102. 

R8.3. E. coli CONTROL REQUIREMENTS 

Due to the recreational activities occurring in the Mississippi River, achieving the E. 
coli limits for protecting human health (per Rule 1200-4-3-.05(2)) is an integral new 
permit requirement. The new proposed permit requires that the permittee disinfect its 
treated wastewater end-of-pipe according to provisions included in the permit's 
Section 3.5. As of September 30, 2004, the criterion for fecal coliform was removed 
from the state of Tennessee's Water Quality Standards. The division now imposes an 
E. coli limit on discharges of treated sewage for the protection of recreational use of 
the stream in lieu of the fecal coliform limit. For example, the E. coli daily maximum 
limit of 487 cfu per 100 ml applies to Tennessee Exceptional Waters. 

In anticipation of treated effluent disinfection requirements, the permittee had 
installed a chlorine contact chamber when its contact-stabilization activated sludge 
plant was built. However, the permittee has indicated to the division that its chlorine 
contact chambers have been not been used for end-of-pipe disinfection and has 
noted that its facility has no provisions for chemical storage/feed and controls. Since 
the division recognizes that chlorine usage for disinfection may generate deleterious 
chlorinated byproducts with adverse water quality potential, additional investigations 
are warranted as presented in R8.1 O. 

As referenced in the new permit's Section 3.6, until end-of-pipe disinfection system is 
functional, the permittee must post signs which warn recreational users of human 
health hazards associated with the Outfall 001 discharge. 
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Treated wastewater disinfection is generally required in NPDES permits to provide for 
the receiving stream designated usages, with a focus on protection from pathogenic 
microorganisms. Fecal coliform and E. coli bacteria serve as indicator organisms for 
assessing a receiving stream's bacteriological characteristics and disinfection 
effectiveness. Monitoring the E. coli in its treated effluent allows a permittee to 
document that elevated E. coli in a receiving stream is not due to the permittee's 
discharge. 

RB.4.	 AQUATIC TOXICITY POTENTIAL DUE TO AMMONIA NITROGEN AND/OR TOTAL 
RESIDUAL CHLORINE/OXIDANTS (TRCITRO) 

The potential for aquatic toxicity within the Mississippi River due to the permittee's 
treated effluent ammonia-nitrogen and residual oxidants (e.g., total residual chlorine) 
from treated effluent disinfection is discussed subsequently and in Appendix R-4. The 
results from the E. coli control evaluations shown in the permit's Section 3.5 (e.g., 
instream dispersion) will be used to determine if permit changes in the discharge 
requirements for the Outfall 001 discharge ammonia-nitrogen and/or TRCITRO are 
needed. 

Ammonia-Nitrogen Aguatic Toxicity Considerations 
Based on the evaluation results shown in Appendix R-4 the new permit includes 
weekly Outfall 001 discharge monitoring with report-only requirements for the treated 
effluent ammonia nitrogen concentration. Based on the permittee's DMR data and 
results from the proposed permit's Section 3.5 Outfall 001 discharge 
transport/dispersion within the Mississippi River, the permit may be reopened to 
include ammonia toxicity limits, if applicable. 

Total Residual Chlorine (TRC) and Total Residual Oxidants (TRO) Aguatic 
Toxicity Considerations 

The treatment plant does not currently use chlorination for disinfection of its treated 
effluent. Since total residual chlorine (TRC) from a chlorination-based disinfection 
process can be toxic to aquatic life, the new permit includes a treated effluent TRC 
limit. The TRC limit would only be applicable if ba chlorination-based disinfection 
system were used. As shown in Appendix R-4, TRC limits can be derived using the 
mass balance formula and the EPA instream protection for fish and aquatic life 
values of 0.019 and 0.011 mg/I for acute and chronic exposure, respectively. 

As shown in Appendix R-4, even if the Outfall 001 discharge were fully dispersed, the 
calculated water quality treated effluent values exceed the maximum TRC 
concentration of 2.0 mg/I industrial practice value used municipal treatment facilities. 
However, as discussed elsewhere in this rationale, the Outfall 001 discharge is 
transported to the Mud Island shoreline and potentially into the Wolf River Harbor. 
Also, under certain Mississippi River conditions the Outfall 001 discharge may 
actually be transported into the Wolf River. It is expected that the permittee's E. coli 
investigation results (per the new permit's Section 3.5) will provide the actual treated 
effluent transport/dispersion, which should be useful in establishing site-specific 
discharge TRC limits, and reasonableness of the division's 2.0 mg/I value. 
Dechlorination processes are typically used to insure that excess TRC concentrations 
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are not discharged. As such, the new permit includes a TRC limit of 2.0 mg/I. Based 
on additional effluent transport/dispersion information, the division may decide that an 
alternative TRG limit is applicable, and if so the division will reopen the permit for 
modification. 

The new permit includes total residual oxidant (TRO) monitoring requirements, as 
applicable. As such, TRG and/or TRO limits are presented in the permit's Section 1.1. 
Depending on the specific TRO to be used, the division may reopen the permit to 
include the relevant aquatic toxicity limitations and change the monitoring frequency. 
The results from the proposed permit's Section 3.5 will be used to make permit 
modifications, if warranted for Outfall 001 TRG or TRO. 

RS.5.	 TOTAL NITROGEN AND PHOSPHORUS MONITORING REQUIREMENTS 

The permittee's Outfall 001 treated effluent monitoring required in the new permit for 
total nitrogen and total phosphorus is imposed pursuant to the joint State/Federal 
Mississippi River/Gulf of Mexico Watershed Nutrient Task Force, Action Plan for 
Reducing. Mitigating, and Controlling Hypoxia in the Northern Gulf of Mexico. The 
monitoring results from major municipal and industrial facilities discharging within the 
Mississippi River Basin will help assess current point source loadings to the Gulf and 
enable the task force to track changes in loadings across the basin with time. EPA 
believes that Section 308(a) of the Glean Water Act provides broad authority to 
require nutrient monitoring. No ecoregion reference streams exist for the Mississippi 
River. Thus, references for the application of the state's narrative nutrients criteria are 
not available. Even where there is no reasonable potential for a particular facility to 
cause or contribute to excursions of criteria within the immediate receiving waterbody, 
nutrient monitoring is being included in permits. Additionally, the corresponding 
influent monitoring is incorporated by the state for use in evaluating the ability of 
existing technologies to remove nutrients. As such, treated effluent nutrient 
monitoring data is needed and included in the new permit. 

RS.6.	 BIOMONITORING - LC50 AND IC25 MONITORING REQUIREMENTS 

The acute and chronic biomonitoring requirements for the new permit are addressed 
in Appendix R-5. Assuming complete-mixed conditions, the critical 7010 low-fiow 
instream waste concentration (IWC) is 0.19. Therefore, under full effluent dispersion, 
the reasonable potential for the permittee's discharge to exceed the narrative water 
quality criterion, "no toxics in toxic amounts" is dramatically decreased. However, as 
discussed subsequently in Section 9,2, the actual transport/dispersion characteristics 
within the receiving stream is not well defined and pursuant to the new permit's 
Section 3,5 investigation results, further mixing information should be available. As 
such, the new permit includes acute (48-hour LGso) monitoring reqUirements, with 
chronic (IGZS) biomonitoring being required pursuant to the pennittee's permit 
renewal application process. 

RS.7.	 WATER-QUALITY BASED EFFLUENT CALCULATIONS - OTHER PARAMETERS, 
ANTIDEGRATION CONSIDERATIONS 

As shown in Appendix R-6, pass-through limitations for heavy metais and other toxic 
substances have been recalculated as part of the permit reissuance process and/or 
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due to changes in industrial waste contribution. The proposed new permit requires 
the permittee to maintain its pretreatment program. Based on the water quality 
reasonable potential calculations shown in Appendix R-6, the new permit includes 
annual monitoring requirements for Outfall 001 benzidine and hexachlorobenzene. 
For its permit renewal application the pemittee did not use sufficiently sensitive 
analytical procedures to demonstrate that no reasonable potential to violate water 
quality exists. The permittee treats industrial wastewaters from numerous dischargers 
that manufacture or use organic chemicals, therefore Outfall 001 monitoring for these 
contaminants is included in the new permit. The permit reopener clause provides for 
modification based on the permittee's Outfall 001 benzidine and hexachlorobenzene 
DMR results. 

R8.8.	 ORGANIC PESTICIDE CHEMICALS, DDT, DIELDRIN, HEPTACHLOR, AND PCB 
DISCHARGE REQUIREMENTS 

The permittee's organic pesticide chemicals, DDT, dieldrin, heptachlor and PCBs 
monitoring results are presented in Appendix R-2C. The current permit includes 
monitoring requirements for the specific list of organic pesticide chemicals. Since the 
permittee continues to accept wastewater from pesticides manufacturers, the 
Mississippi River is now classified as Tennessee Exceptional Waters, and some 
treated effluent pesticide values were reported, the new permit will retain the current 
permit's annual Outfall 001 discharge monitoring for the organic pesticide chemicals. 
Since the permittee has not installed wastewater treatment facilities for compliance 
with the current permit's Outfall 001 DDT and dieldrin limits, and as shown in 
Appendix R-6 the new permit will not include the limits. This will not trigger 
antibacksliding provisions, since the DDT and dieldrin discharge values do not 
present a reasonable potential for violating water quality standards. 

As noted in the Section R10.0, based on the 2008 Mississippi River TMDL 
requirements for PCBs and chlordane, dischargers having these chemicals in their 
treated wastewater must be limited discharges to the water quality criterion. As such, 
the new permit includes the water quality criterion as monthly average and daily 
maximum values, for the Outfall 001 treated effluent PCBs and chlordane. The 
permittee must demonstrate compliance with the new permit PCBs using EPA 
Method 1668B. 

The division has the ability to reopen and modify the permit for parameters presented 
in this section. 

R8.9.	 TOTAL DIOXIN DISCHARGE REQUIREMENTS 

"Total dioxin" is defined by the Tennessee Water Quality Criteria as the sum of the 
concentrations of all dioxin and dibenzofuran isomers after mUltiplication by Toxic 
EqUivalent Factors (TEFs) specified in the criteria. 

The current permit requires that treated effluent total dioxin be monitored annually to 
determine if the discharge contributes to further Mississippi River degradation. As 
shown in Appendix R-2D the Outfall 001 treated effluent total dioxin values ranged 
from 0.0000 to 6.9745 picograms/liter (pg/L). These results demonstrate that total 
dioxin is present in the discharged Outfall 001 treated effluent. The 2008 Mississippi 
River TMDL document referenced in Section R10.0, notes that dischargers of dioxins 
must have their treated wastewater limited to the water quality criterion. As SUCh, the 
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new permit includes the water quality criterion as monthly average and daily 
maximum values, for the Outfall 001 treated effluent total dioxins. 

For the new permit the total dioxin monitoring frequency will be detained at annually 
from the current permit. 

R8.10. CHLORINATED BYPRODUCTS 

The division considers the permittee's Maynard C. Stiles STP and T. E. Maxson STP 
treatment facilities to be unique within the state of Tennessee, since these facilities 
treat a higher proportion of industrial wastewater flows/contaminant loadings from 
numerous/diverse sources. As such, the division is concerned that disinfection of the 
wastewater using chlorination based system could result in high effluent 
concentrations of chlorinated byproducts (both inorganic and organic), which may 
pose a human health risk. The identification/characterization (including types and 
amounts) of chlorinated organics generated via a chlorination-based disinfection 
system must be addressed, per the proposed permit's Section 3.5. The permittee 
must provide the division with sufficient treated effluent chlorinated byproducts 
characterization (including a list of specific chemicals) and the discharge's instream 
transport/dispersion information, such that the division may define applicable treated 
effluent limits for obtaining receiving stream water quality standards. The permit may 
be reopened to include applicable chlorinated byproducts limits. 

Based on information to be provided by the permittee relative to chlorinated organics 
generated (via the proposed permit's Section 3.5 requirements), the new permit 
includes reopener provisions to modifying the permit to include Outfall 001 numerical 
limits (e.g., monthly average and daily maximum for identified harmful organic 
chlorinated byproducts, which may/will be generated due to chlorination for 
disinfection). The permittee had initially indicated to the division that if disinfection is 
required, chlorination would be used. However, recently, the permittee indicated that 
non-chlorination processes are being evaluated for Outfall 001 treated effluent 
disinfection also. 

R8.11. TOTAL MERCURY AND METHYL MERCURY 

The division added mercury as a fish-consumption advisory for the Mississippi and 
Wolf Rivers and McKellar Lake on April 26, 2007. The division's fish tissue trigger 
point for the mercury advisory is 0.3 ppm. As such, the division is including discharge 
limitations and/or monitoring requirements for permitted potential sources. 

The permittee's permit renewal application included three treated effluent mercury 
results each < 0.2 ug/L. As such, the mercury in the permittee'S Outfall 001 can not 
be specifically quantified. As shown in Appendix R-2F, the permittee'S landfill 
groundwater monitoring data (also provided with the permit renewal application), 
included numerous mercury results greater than 0.2 ug/L, with a median value of 0.3 
ug/L, and range of <0.2 to 0.91 ug/L. As noted in this R6.3.6., measureable mercury 
was reported for the permittee'S influent in 2009. Therefore, mercury is present in the 
permittee's wastewater, and as such the new permit includes annual monitoring 
requirements for total mercury and methyl mercury. The treated effluent total mercury 
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must be determined using EPA Method 245.7 or 1631 E and methyl mercury analyzed 
using EPA Method 1630. 

The permittee uses covered lagoons for siudge handling/stabilization. As such, under 
the anaerobic conditions within the lagoons, the division considers an increased 
potential exists for the generation of methyl mercury. The supernatant from the 
sludge lagoons is returned to the wastewater treatment system, and the methyl 
mercury would be discharged via Outfall 001. Methyl mercury is the form that is 
bioaccumulated in fish tissue. As such, methyl mercury monitoring is included in the 
new permit. 

R8.12. SETTLEABLE SOLIDS 

Settleable solids results provide an indication of the treatment system 
performance. The treated effluent settleable solids limitation (1.0 ml/l) included in 
the permittee current permit will be used for the new permit. 

R8.13 pH 

The permittee must comply with secondary treatment technology pH limitations (6.0 
to 9.0 s.u.) for its treated effluent. Major variations in effluent pH can provide the 
permittee with an indication of industrial user spills. 

R8.14 VISUAL OBSERVATIONS 

Historically, the permittee's Outfall 001 discharge has resulted in turbidity/color 
contrast (distinct plume) within the Mississippi River extending at times to and 
downstream of the Mud Island shoreline. Floating foam downstream from the Outfall 
001 discharge has also been observed. Distinct instream plumes (due to discharge 
turbidity/color and/or foam are not allowed pursuant to Tennessee's narrative water 
quality requirements (Rule 1200-4-3-.03(4)(d)). The permit's current permit does not 
allow the discharge of visible matter or causes an objectionable color contrast. For 
example, due to instream color contrast from treated pulp and paper wastewater, the 
division has required other permittee's to install effluent diffusers, even for 
dischargers to very large receiving streams. As such, the permittee will be conducting 
a color investigation to identify control requirements. 

Pursuant to the proposed permit Section 1.1 the permittee must monitor and report 
its Outfall 001 color in terms of both apparent and true color. Additionally, the 
proposed permit requires the permittee to monitor/document/report the character of 
the Outfall 001 discharge and reSUlting impacts (including color, foam characteristics, 
extent) on the Mississippi River via visual observations. 

R8.15 OVERFLOW AND BYPASS REPORTING 

For the purposes of demonstrating proper operation of the collection, transmission, 
and treatment system, the new permit defines overflow as any release of sewage 
other than through permitted outfalls. This definition includes, but is not necessarily 
limited to, sanitary sewer overflows and dry weather overflows. For example, a 
collection system blockage or hydraulic overload that causes backup and sewage 
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release into a building during a wet weather event may not clearly fit either the 
definition of a sanitary sewer overflow or a dry weather overflow. The permittee must 
also account for overflows that result in sewage flow into buildings. Any unpermitted 
release potentially warrants permittee mitigation for human health protection and/or 
water quality impacts via direct or indirect contact and demonstrates a hydraulic 
problem in the system that warrants permittee consideration as part of proper system 
operation and maintenance. 

For the more typical, unpermitted, releases into the environment, the new permit uses 
interchangeablely the terms, "overflow" and "sanitary sewer overflow" for compliance 
reporting purposes. Sanitary sewer overflows can have an adverse impact on the 
permittee's overall E. coli control program. The permittee routinely has had sanitary 
sewer overflows. The permittee provides a summary of its sanitary sewer overflow 
sources, amounts, causes and mitigation measures taken, are submitted monthly to 
the division with its DMRs. 

R9.G	 OTHER NPDES PERMIT REQUIREMENTS AND CONDITIONS 

The division retains the right to reopen this new permit, e.g., for modifications as 
warranted. 

R9.1.	 TREATED EFFLUENT TRANSPORT/DISPERSION WITHIN RECEIVING STREAM 

Should chlorination be selected by the permittee for Outfall 001 disinfection, as 
presented in the proposed permit's Section 3.5 E. coli compliance program, the 
permittee must provide the follOWing information to the division: 

a.	 Define the lateral, vertical, and longitudinal extent of the Outfall 001 
treated effluent plume within the Mississippi River. The assessment must 
be completed for varying conditions of stage, flow, and velocities within 
the Mississippi River. 

b.	 Develop, or utilize an existing, mathematical model to predict the Outfall 
001 treated effluent transport/dispersion characteristics within the 
Mississippi River. 

The permittee's treated effluent transport/dispersion summary shall also include the 
evaluation objectives, investigation procedures/protocols, data (monitoring and 
calculated results), mitigation measures, implementation plans, schedules, 
conclusions, and recommendations. Based on this information the division may 
determine that the permit must be reopened to make changes to its limitations and 
monitoring conditions and/or make other adjustments. 

R9.2.	 WASTEWATER TREATMENT OPERATOR AND COLLECTION SYSTEM 
CERTIFICATIONS 
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The wastewater treatment facilities shall be operated under the supervision of a 
certified wastewater treatment operator. Also, the permittee's wastewater 
collection system shall be operated under the supervision of a certified collection 
system operator. These certifications must be in accordance with the Water 
Environmental Health Act of 1984. 

R9.3. PRETREATMENT PROGRAM 

The Memphis-Maynard C. Stiles STP has an approved pretreatment program. An 
updated Industrial Waste Survey must be completed within 120 days of permit 
reissuance. 

At least once each reporting period, all permittees with approved pretreatment 
programs are required to analyze the STP influent and effluent for the following 
pollutant parameters: chromium, copper, lead, nickel, zinc, silver, cadmium, mercury, 
total phenols, and cyanide. These pollutants were selected because, historically, they 
are the ones that tend to be predominant in industrial wastewaters. Other pollutants 
may be added to the list, as required. 

For the new permit, data from the permittee's pretreatment annual reports for 2002, 
2003, 2004, 2005, 2006, 2009 and 2010 were reviewed. If any particular value of a 
pollutant equals or exceeds 85% of the pass-through limit, the pollutant was 
considered for additional monitoring and/or limitations. Based on the division's review 
of the annual reports, sampling for additional pollutants is not required at this time. 

Pretreatment Compliance Inspections (PCI) were completed by Messrs. Phil 
Simmons (TDEC Pretreatment Manager) and Eddy Bouzeid (TDEC Memphis 
Environmental Field Office) on June 10-12, 2003 and by Mr. Bouzeid on April 10-12, 
2006 and on each occasion the permittee received a satisfactory rating. A 
pretreatment audit was conducted on August 17, 2007 and a minor deficiency was 
determined. The permittee received an in-compliance rating based on a pretreatment 
compliance oversight visit Which occurred on July 7, 2008. Pursuant to a 
pretreatment compliance oversight on-site evaluated completed on June 22, 2010, an 
order was requested due to the Outfall 001 treated effluent causing a color contrast in 
the immediate mixing area in the Mississippi River. The permittee indicated that the 
condition was due to the discharges from two industrial users (one manufactures 
yeast and uses molasses and the other processes cotton fiber). 

R9.4 WASTEWATER TREATMENT SYSTEM INTEGRITY EVALUATION 

The permittee must within eighteen months from the permit's effective date submit to 
TDEC's Nashville Central and Environmental Field Offices (Division of Solid Waste 
Management) and Division of Water Pollution Control - Permit Section) a report 
which addresses the structural integrity of any earthen basins associated with its 
wastewater treatment facilities and any waterborne waste and sludge 
storage/disposal units that are constructed of earthen fill. 

Upon submittal of the structural integrity assessment and based on recommendations 
and/or qualifiers provided in the report, TDEC and the permittee will determine what, 
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if any, improvements will be required. Based on the potential for harm to human 
health as described, additional site specific evaluations may be required. 

Requirements to include permit provisions deemed necessary to protect waters of the 
state, are based on T.C.A. § 69-3-108. It is expected that the permittee's structural 
integrity submittals will be reviewed by the division's Water Pollution Control and 
Solid Waste Management personnel. Although it has not been determined at this 
time, the division may request additional evaluation input from its outside consultants 
and/or the U.S. EPA. 

R9.5.	 PERMIT TERM 

Due to the extended period to reissue the new permit and the permittee's M.C. Stiles 
STP (TN0020711) and its T.E. Maxson STP (TN0020729) are essentially the sole 
dischargers to the Mississippi Watershed, these permits will expire in 2015. 

R10.	 RECEIVING STREAM WATER QUALITY STATUS/ANTIDEGRADATION 
CONSIDERATIONS 

Tennessee's Antidegradation Statement is found in the Rules of the Tennessee 
Department of Environment and Conservation, Chapter 1200-4-3-.06. It is the 
purpose of Tennessee's standards to fully protect existing uses of all surface waters 
as established under the Act. 

Stream determinations for this permit action are associated with the waterbody 
segment identified by the division as segment ID# TN0801 00000_1 000. 

The division has made a determination of the receiving stream for the permittee's 
discharge and has found the river to be a high quality water. No permanent 
degradation of water quality will be allowed unless the applicant demonstrates to the 
Water Quality Control Board that the degradation is for necessary economic or social 
development and will not interfere with or become injurious to any existing uses. The 
specific requirements for this demonstration are described in the Rules of the 
Tennessee Department of Environment and Conservation, Chapter 1200-4-3-.06(4). 
Further discussion should be included here to describe the permittee's specific 
argument and the board's determination. 

This water does not fully support its fish/aquatic life and recreation designated uses 
due to mercury, dioxin, chlordane, physical substrate habitat alterations, 
polychlorinated biphenyls (PCBs). The proposed new permit specifically addresses 
the relevant contaminants (mercury via more sensitive monitoring, 
dioxin/chlordane/PCBs discharge limits at water quality standards pursuant to the 
following referenced TMDL. The division has noted sources causing this not fully 
supporting status as being due to dredging, contaminated sediments, grazing in 
riparian or shoreline zones and atmospheric deposition (toxics). 

The Mississippi River is classified as Exceptional Tennessee Waters (since it 
provides habitat for the Pallid Sturgeon (federally endangered) and the Blue Sucker 
(state of Tennessee threatened) and no increase in water quality degradation will be 
authorized unless the permittee demonstrates to the Water Quality Control Board 
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such degradation is economically and socially justifiable. The specific requirements 
for this demonstration are described in Rule 1200-4-3-.06(4). 

The following TMDL has been developed and approved for the Mississippi River: 

Parameters 
Chlordane, Dioxins and 
Polychlorinated Biphenyls (PCBs) 

TMDL Approval Date 
July 25, 2008 

The proposed terms and 
allocations of this TMDL. 

conditions of this permit comply with the wasteload 
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Appendix R-1 

Current NPDES Permit Requirements 
Maynard C. Stiles STP (TN0020711) - Current Permit Effluent Limitations and Monitoring Requirements 

Effluent 
Characteristics 

Average 

Monthly 

Average Removal 

Effluent Limitations 
Weekly 

Average Average Maximum 

Dally 

Minimum Removal 

Monitoring Requirements 
Measurement Sample Sample 

Frequency Type PoInt 

(mgll) (Ib/day) 1%) (mg/l) (Iblday) (mOil) (%1 

8005 45 
Report 

60,666 85 68 76,561 90 
Report 

40 7fweek 

7/week 
composite 
composite 

effluent 
influent 

Total Suspended Solids 52 
Re ort 

58,547 85 78 87820 104 
Report 

40 7lweek 
7/week 

composite 
composite 

effluent 
influent 

Settleable Solids (mill) 1.0 1fweek composite effluent 

Dissolved Oxygen 1.0 
instantaneoulI 

7lweek grab efftuent 

pH (standard units) 9.0 6.0 2/Week grab effluent 

Flow {MGDI Report 
Report 

Report 
ReDort 

l/week 
1lweek 

continuous 
continuous 

influent 
effluent 

Organic Pesticide Chemicals (40CFR455) Report 1/year grab effluent 

DDT 0.000001 1/year composite effluent 

Dieldrin 0.0000014 1Jyear composite emuent 

Total Dioxin Report 1tyeilr comDosite effluent 

leL5 Report (Survival, reproduction and growth for serial effluent dilutions) (01 composite effluent 

Sanitary Sewer Overflows, 
Total Occurrences 

Report continuous vieual NA 

Dry Weather Overflows, 
Total Occurrences 

Report continuous visual NA 

Bypass of Treatment, 
Total Occurrences 

Report continuous visual NA 

(al Within 180 days of permit Issuance. 
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Elf IOlowMonth EftD.O. Int BODS
 
Ending
 MAvg DMlllx OMax 

MGD 
OMi". MAvg 

. (mo/UMGD I (maiL moIL 
1131':<'006 838 133 3 sn 30 
2/28/:<'006 '" 106 1 25 " "'4' ", 

26 " " 3'31/:<'006 1156 '"354 m'4
 
4/301.<006
 '" " 526 30106 8 350 
5/31/2006 '"790 1 1G J ", 353 ';18 40 ",. 
6/JO/2006 5"77 000 30 
7/31 12006 74 '" , 826 " 390 '3' 25 "35 
6131 .. 20-06 

3" 

m 23 
913,)'2006 102,,,1 " '90 "75' 8~ 6 " '" 7" 

1013112006 " '"m " " " 11/30/2006 '" 101 6 " 400 36; " "5 '" " 1213112006 772 1086 1 S 336 e7 " 
1131/2007 80. 3 1327 m '"m '"'35 

" 
2128/2007 784 ", " 585 " " 3/3112007 " , '" " "5 '" " 413012007 n5 10''"3 " '"no "2 25" 
513112007 "0 27 52" 
6'30'2007 73.4 ,,, " '" 366 "5 J1 

'63 ", 
7')112007 '" " ", ." "2J 
8'3112007 '" H " m 23 "703 
9."30/2007 933 121'"3 m m 32 "66 '" 

10/3112007 46" 366 52' 
11/30/2007 '" ", "'" "0'" '" 2' " 12131/2007 '"T3'i 1006 27 
1/31/2008 7·14 115 " '10'" '" 20" "'4 
2/28/2008 754
 
3131/2008 1431 "
"3 1099 " 39' '" 

224.4 527'70 '0" 144" ,4/30'2008 2034 2299 " '00 '" 513112006 1027 1352 , 394 1071 "n 96 
1098 

" 
."

-~j~~:~~~ t-.
864 " 60t 4' "544 %0 '" 

813112008 '" 393 3J 45" 
9/30/2006 '" no '006 '" 34 45530 '" "" 3" 

39 

10131/2008 '30 "'4 " '"' " 11'JGf200a "4 '" 384 493 2U"8" ,." 12."3112006 10.9 a 1205 4' "'00 
1/3112009 69 , 136 1 , 4 '"", 1069 4'" 
2/2812009 101 6 96' "BB 
313112009 '" " 22 '" 560 96 " 
413012009 1229 1112 
5/31/2009 1-119 181 7 ", '"He J£i4 61 " '" 1400 '" 24 " "0 

6;30/2009 ,,, , " 36'" '" 7131/2009 364 134 J m 526 "30 
8131/2009 " '" 

'4 , 2<7 00 
'3/JOf]1l09 '" '" 1411 " '" " 35 

" ,10.'31/2009 ,,, 1496 " 297'" '"00' " " '1/3012009 '" " 108 1 4" 
1:<'.'31/2flil9 1243 , , " 360 1188 " 90 

113112010 '4 , 
'37 '" " 

1196 2 JOO 4" " 
2128/2010 102 ;;> 151 5 , 50' " " 
3/31/2010 937 1354 72 '" 135 '36 "47 "50 
4/30/2010 140 9 55 300 4" '4 
5131/2010 163 1 1894 " 86" JO' 4'" '" "7 n, 
7131/2010 " 36' 04 "6/3012010 '" 101 2 '" 

1329'" 813\12010 75 " '" 35591 36 " 
9130'.2010 797 '" " 55 '" JO 4' 

10/31;2010 692 '"79 53 '" '" 4' 60 
11130'2010 436 54' 47 56'53 '" '" 
12/31 12010 '" 3" " 

lf1112011 '" '" "50 " 794 11" 8 " '" 02" .,2 12812011 73' OJ' 79 '"387 '" 
3'31/2011 '" " 50141 1 164 2 20 220 422 " ,OJAver.. e 120 6 329 539 24 
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Minimum '" '" 

.~ " '" " Co':';'l 132 m 132 m m"'" ~'" 
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fo' period Apl·il 2000 through Mf..ch 2011 
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'" H 
In'TSS EffTSS Settl<... ble BODS Ran,o".. 1 TSS Removal OverflolNs 

WkAvg OMax Omin MAvg OMax Wk Avg OMax MAvg MAvg WkAvg Solld.$ 
~~~g 

Omln MAvg Omin 
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19496 n5 065 301 '" 30 " " 17015 20855 0 93 01 " " " 21 --l-t9 re, " 326 677 38 50 33 22,876 266n 0 92 '" '" 50 27 
18 191 ", 06 30' m " 55 26 18838 :<'0.583 0 93 01 " " "18807 "5 '" '" 591> " 4' 23 15.07: 21 202 0 93 38 " 38 "24.868 " "3 m 50' " 30 " 12 515 1] 867 0 " " 96 " " 19.068 '" '" m "5 " 4' " 11.596 14060 0 '4 " 96 38 3 

16.126 '" -726 355 '" '4 " " 9 930 U 666 0 38 " 96 90 -~ 
14,502 - 'i-B2 n, '05 '4' 23 " 26 1~592 14 78-4 0 '95 " " '2 "15.065 7" , 27 3011 52' " " " 12.'il62 101.756 0 '4 " " 66 l' 
15.540 ';4 7.26 '" 447 " " 24 14 299 15.754 , 93 " 93 " 22 
:<'5 155 ", 722 '" '" " 

,. 
" 19389 21 514 0 " " " " "38 194 ,;S 7" "0 m " ;4 " 17 1-1.-'1 21,610 " " 52 " " 30 

21 013 ,;, 7" 346 '" " " N 17 485 19330 0 93 " 93 93 " 18441 753 722 355 526 " " 26 17 157 ",8750 0 93 " 93 '3 " 19.880 '" 7 23 329 4,. " 55 " 17584 21 748 0 93 " '2 54 "16240 , 4' " '52 0" 23 4' " 13298 14.565 0 " " 66 90 "17 163 7'5 ", J" '" " 52 23 14.006 17 451 0 '4 " 66 52 "15,389 '" '" m '" " 32 " 10651 12,121 , 95 " " " n 
14,608 766 7.12 J33 '" " " " 8,596 10,457 0 95 93 " " " 13023 '" 722 '" 'OS " 36 " 12462 13,023 0 94 90 94 " "23,262 '" "6 366 1.026 25 00 " 13.428 16,904 0 93 52 95 64 "20 873 146 "6 343 559 25 " 19 11,629 17.469 0 93 52 95 87 "15 755 7' '" ", 1 051 " " '0 6 0"4 7,546 0 66 " " 93 " 19 109 '" 700 '" '" " " " 6,166 10677 0 " " " " "13.949 ", " '" ", " " 10 6 132 75" 0 " " " " " 13675 75 "6 4" 1.671 13 " " 7863 ;' 95:'1 0 " " " " 25 

142.588 '" " 294 1 052 52 69 " 48,510 81.737 , 
" " sa 45 2J 

151 120 723 6 56 '" CO, 52 62 " 73,309 96.483 0 50 22 n " 25 
67671 7,43 ", 39' '" " " 96 21,595 30.113 " " " 62 51 "25 195 74' 06' 5'0 ,,, 

" " 22 1;:',808 19112 " " 65 " 69 13 
28 389 ," 7 '" '00 " " 23 14 830 17 122 0 90 '2 '4 90 , 
21,679 7 ~3 '" J72 74' " 4' " 14.247 16,490 " " 52 '4 " " 22460 , 43 705 '" 

,,, 34 " 22 14 543 ;12,458 01 " " " 87 "12.201 " '" "2 739 10 13 , 4 976 6 075 o 5 96 " 98 97 "11429 '" 7 04 "0 '" 10 " 
, 5,344 5 983 " 95 " 97 " 10 

31,011 739 '" 304 52' H " " 7.923 14,423 " " " " 90 "20 220 743 096 ", CO, " " H 11,657 13 534 o , " 90 54 " 2J 
23.272 7" '" 320 510 " " " 16889 18,660 " " " " " "24 913 790 "6 329 653 39 61 2B 20.771 28 531 " " 87 " co 
17.334 77 " 3" m 22 '" 10 1254-4. 16,025 NODI-8 " 52 " " "71.0.87 " 662 ,,, 693 90 '04 " 34980 50.229 01 " 69 " 53 10 
26.184 7 28 '" 4" 1 166 " " " 11 180 20464 " 93 " 90 " 10 
13 899 '" ,." " '" " 

, 6542 7.376 , 
" " " 96 "25832 '" '" "0 1 301 22 " " 9 103 14,593 " " 79 96 90 "20652 '" 

, 354 756 " " 13 9,118 10.650 02 " " " 91 "29488 755 '" '" '" " " " 14.717 20 725 01 '0 79 " " "28,458 74' '" 250 1.107 29 42 22 16.862 20.235 " " " 90 n '2 
40682 ", 702 '" 

,,, 
" 72 27 19115 30.622 02 " 79 96 54 16 

33220 "4 '" '" 1 368 JO 91 23 16.598 23,713 05 " " 91 " "45821 '" '" '" 1,024 34 " " 2J 872 32.400 " " " " " 13 
41.950 745 '" '" en " " " 19 127 27 a05 01 " " " 90 "48360 704 '" "4 m " 103 '4 2<1;.005 3£.342 , 

" " " " 18 
99 164 " 553 2M 1 233 52 " 36 50804 76 933 04 74 " n 35 "26 672 '" 736 ", ", " H " 18,961 24 822 " '0 91 " "24 586 '" " '" so, " 36 " 9 661 13,247 " " 91 " " "16 164 "7 " 2" m " 36 12 7636 9851 " '4 " " 36 "lEl·02 '" '" 300 540 " " " 7 161 1 0.244 01 " 89 " " "27 G36 '" '" "3 537 28 37 " 12017 16076 " " " " " "26.651 '" '" '" 50' 30 4' " 14473 17845 02 96 " " " "34 593 '" 7" 390 '" 2' " 25 14,276 16.892 01 " " " 93 20 
29650 , 

'" 343 5" 33 " 22 12198 19.275 " 90 " " 93 41 

25.877 70' " '" ,os " "' " 12899 13,B81 02 90 90 " " "41 445 '13 '" 
,,, 

"" " " 24 27965 29956 " e; " " '4 " 28848 '" '" "S 535 " " 20 15 l'i9 22,049 02 " " " " 2. 
20 OliO '" '" 32'3 6" " '4 " 12971 16240 00 " " " " " 151 12Ll 67' 750 547 2026 " '" 43 73 309 98 094 , 
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9~~~~ 
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40 734 
24 705 
22,473 
20 351 
16245 
10 170 
106--15 
16.4"3 
16 008 
21426 
20.452 
15.091 
43.893 
14,868 
13694 
11 367 
16 320 
21 938 
:<'4062 
28 989 
27359 
34639 
30619 
40265 
61,867 
24767 
19 772 
14278 
14 695 
23 708 
13 153 
26,572 
n,663 
22.715 
35201 
20.746 
16363 

79 132743 

" 9,906 
m '" " 50666 
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Appendix R-28 

E. coli Monitoring Data 

MISSISSIPPI RIVER E. coli DATA 
4-23.1), Draft 

Sampling location Approx. River Station ID E. coli 
Mile Icfu/100 mll 

3/24105 I 5/24105 I 9125/05 11/17/05 3/29/06 
River SlOge {ftl 791 105 -57 -5.2 12 0 

Appr.x. 1.5 Inil.. upstrealn .f L••.,hat,hie River', In.uth 
About 500 ft from AR bank I 742 1 15 500 32,800 73 731al 
About 500 ft from TN bank I 742 2 100 400 36 117 I -

N.s. 13 &14 N. Plant ,Iudgelag••ns (approx. 1Inile upstre'ln .rN. Plant discharge) 
About 100 ft from AR bank 740 3 74 720 18 36 
About mid-channel 740 4 33 200 36 91 36 
A.bout 100 ft from TN bank 740 5 86 364 18 255 109 

N.rth bank.f W.W River's In.uth (approx. 1.600 It down'trealn .r N. Plant dischorgel 
About 100 fttrom AR bank 738.5 8 40 400 73 91 
About mid-channel 7385 7 48 327 18 109 73 
About 100 ft from TN bank 738.5 8 2,20D 3,280 8,600 2,600 5,000 

S.uth end .f Mud 1,Iand 
About 100 ft from AR bank 736 9 70 255 36 73 
About mid-channel 736 10 88 218 38 73 145 
About 100 ft from TN bank 736 11 840 2,280 11,000 436 700 

W.lfRiver Harb.r 

Underneath Mud Island Monorail, rn"!-channel 12 256 73 1,120 800 
Parallel Gavoso DumOina stallon dlScharae, mld-el:annel 13 356 36 1,040 1,000 73 
Parallel Marble oumaina station dlscharae, mid-channel 14 124 36 460 418 182 

(a) Mid-channel 
Note  grab samples, see "Source' ,for sampling noles, Including c1imatolo,glcallnformatlon 
Source  \,WNV sierraclub,orgiwatersentinelsf!ennessee! 
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Appendix R·2C 

Treated Effluent - Listed Organic Pesticide Chemicals, DDT, Dieldrin, and PCB Results 

~isted Organic Pesticide Chemicals and PCBs· M.C. Stiles Treatment Plant Effluent Results 

Pesticide Aug. 7, 2000 
(ug/l) 

Dec. 20, 2001 
(ug/l) 

Aug. 28, 2002 
(ugll) 

OCl21,2003 
(ug/I) 

Jun. 23, 2004 
(ug/l) 

Ocl13,2005 
(ugll) 

Dec. 7, 2006 
(ug/l) 

Dec. 3, 2007 
(ug/II 

Nov. 5,2008 
(ug/l) 

Ocl. 29, 2009 
(ug/l) 

Nov. 15, 2010 
(ugll) 

Alpha·SHC <0.042 
Lindane (gamma·SHe) <0.042 <0.600 <0.050 <0.015 <0.050 <0.05 <0.05 <0.05 <0.05 <0.05 <0.004 
Heptachlor <0.042 <0.050 <0.050 <0.015 <0.050 <0.05 0.07 0.16 <0.05 <0.05 <0.004 
Aldrin <0.042 <Q.500 <0.060 <0.015 <0.050 <0.05 <0.06 <0.05 <0.05 <0.05 <0.004 
Heptachlor Epoxlde <0.042 <0.080 <0.050 <0.015 <0.050 <0.05 <0.05 <0.05 <0.05 <0.05 <0.004 
EndosuWan I (alphal <0.042 <0.100 <0.050 <0.015 <0.050 <0.05 <0.05 <0.05 <0.05 <0.05 <0.004 
EndosuWan II (beta) <0.042 <0.050 <0.050 <0.015 <0.050 <0.05 <0.05 <0.06 <0.05 <0.05 <0.004 
4,4'·000 <0.042 <0.100 <0.050 <0.015 <0.050 <0.05 <0.05 <0.05 <0.05 <0.05 <0.004 
4,4'·00E <0.042 <0.100 <0.050 <0.015 <0.050 <0.05 <0.05 <0.05 <0.05 <0.05 <0.004 
Methoxychlor <0.042 
Endrin Aldehyde <0.042 
Hexachlorobenzene <0.042 
Hexachloro-1,3 Butadiene 0.103 
Hexachlorocyclopentadiene <0.042 
Hexachloronorbornadiene <0.042 
Oetachlorocyclopentene <0.042 
Heptachloronorbornene <0.042 
Chlordane <0.042 <0.100 <1.0 <0.300 <1.0 <1.0 <1.0 <1.0 2.15 <1.0 <0.02 
Endrin Ketone <0.042 
Endrin 0.048 <0.100 <0.050 <0.015 <0.05 <0.05 <0.05 <0.05 <0.05 <0.004 
PCSs-Total Not Analyzed <5.0 <5.0 <1.5 <1.5 <5.00 <5.00 <5.00 <5.00 <5.00 <5.00 
Toxaphene Not Analyzed <0.5 <10.0 <5.0 <5.0 <1.0 <1.0 <1.0 <1.0 <1.0 <0.03 
DDT <0.040 (a) <0.006 (b) <0.006 (C) <0.016 (d) <0.010 (e) <0.009 In <0.009 (g) 0.055/h) <0.009 (I) <0.009 m <0.004(k) 
Dieldrin <0.040 (a) <0.010 (b) <0.010 (c) <0.015 (d) <0.010 (e) <0.009 In <0.009 (9) 0.018 (hi <0.009 iii <0.009 iii 0.009Ik) 
Note: Results for grab samples, unless otherwise noted. 
(a) Jun. 22·23, 2000 compoeite sample (e) Jun. 21-22, 2004 composite sample (il Jon. 15-16,2008 composite sample 
(b) Dec. 19·20, 2001 compo.~e .ample (~ OCI.12-13, 2005 compostte .ample UI Oct. 28·29, 2009 compos~e sample 
(c) Aug. 27·28, 2002 composite sample (g) Jun. 6·7, 2006 composite sample (kl Nov. 9·10, 2010 compos~e sample 
(dl Oct 20.21, 2003 composite sample (h) Dec. 12-13, 2007 compos~e sample 
Permittee indicated that as a result of 2000 NPDES permit the following pesticides were removed as analytical requirements: Alpha SHe,
 
Methoxychlor, Endri" Aldehyde, Hexachlorobenzene, Hexachloro·1-3 Butadiene, hexachlorocyclopentadiene, Hexachloronorbornadiene,
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Appendix R-2D 

Treated Effluent - Total Dioxin Results 

Ou~all 001 Treated Effluent TOIaI Dioxin IPolychlonnaled Oibenzo-p·Oioxins and Dibenzofuransj 

PARAMETERS TEF i PUff. PUff.' PIt. Eff. PIt. Eff. PUff. PIt.Eff. PltEff. PUff. Pit Eff. PIt.Eff. PIt. Eff. Pff. Eff. PIt. Eff. Pit Eff. PIt. Eff. ! PIt. Eff. PUff. PIt.Eff. PUff. PILEff. PIt. Eff. ' PIt. Eff. 
Sample Date 06118/2000 12119·2012001 08/2212002 1012212003 ~9·1012004 6116-1712005 11129·3012006 lE12·13/2007 1115·1612008 10121·2E2009 1216·7/2010 

DDa IEalTCDD DDa EalTCDC DDa ,EaITCOC DDa Ea/TCOC DDa EIIITCD PPO Ea/TCOIl DDa EqlTCO DDa Eq/TCDD DDa IEIIITCOC DDa Ea/TCD DDa EalTCOD 
23,78 TCDD 1 0.91 09100 4.8 0.0000 2.1 00000 5.4 00000 2.8 00000 1.1 0.0000 1.9 0.0000 2.00 00000 0.91 0.0000 1.5 0.0000 0.81 0.0000 
123.7 8·PeCDD 0.5 060 0.0000 5.7 28500 31 00000 51 0.0000 28, 00000, 5.5 27500 31 0.0000 130 0.0000 120 0.0000 15 0.0000 085 0.0000 
12.347.8·HxCDD all 08 0.0000 6 06000 3.6 0.0000 54 00000 2.7 00000 4.4 0.0000 2.1 00000 1.10 00000 0.56 0.0000 17 0.0000 170 0.0000 
1,2,3678·HxCDD OJ 07 00000 69 06900 36 00000 56 0.0000 22 00000 1.3 00000 2.3 C2l00 2.3 02300 1.20 0.0000 1.5 0.0000 0.64 00000 
1.2,37.8.9·HxCDD 0.1 0.7 00000 '"_0 04500 3.4 0.0000 57, 0.0000 2.5 0.0000 1.3 0.0000 2.1 0.0000 1.60 0.0000 1.20 00000 5.6 0.0000 0.60 0.0000 
1,2,3467,8·HoCDD 0.01 is G0788 149 0.1490 72 0.0000 15.9 00000 4.0 00000 192 O,"920 2' 8 02180 390 0.0390 22 0022 91i ceooo 5.5 0055 
1,2.346,7.8.9·0CDD 0.001, 74 S 00,46 122 0.122D 1421 0.0000 128 01280 256. 0Q258 127 01270 ~37 0'670 52.0 00520 320 0.032 6(01 0064 810. 0081 

. , 

2,3.7.8 TCDF 
•

011 " O'IGO 6.2 00000 17 0.0000 46 00000 2.1 0.0000 41 0.0000 1.4 00000 1.50 0.0000 0.91 0.0000 1.5 0.0000 1.50 0.0000 
1,2,3.7,8-PeCDF 0.05 0.3 00000' 58! 02900 2 00000 31 0.0000 1.6 0.0000 64 0.0000 2.0 0.0000 1.20 0.0000 1.10 0.0000 1.2 0.0000 0.63 0.0000 
2,3,4.7,8·PeCDF as 0.4 00000 5.5 0.0000' 1.9 00000 35 00000 1.9 00000 55 moo 1.9 00000 0.96 0.0000 0.95 0.0000 1.1 0.0000 055 00000 
1,1,34J8·HxCDF 01 16 0' 600 5.3 00000 22 0.0000 37 0.0000 1.4! 0.0000 6.8 06800 35 03500 1.2 01200 I a 01 17 00000 0.67 0.0000 
12,367.8·HxCDF 0.1 17 01700 6.5 00000 22 0.0000 39 00000 1.5 0.0000 5.9 0.0000 28 02800 099 00000 0.93 0.0000 1.5 0.0000 062 0.0000 
23467.8·HxCDF 01 06 0.0000 3.1 0.0000 2.4 0.0000 4.0 0.0000 1.4 00000 43 0.4300 24 0.2400 091 00000 0.79 00000 14 0.0000 078 0.0000 
12,3.7.8,9-HxCDF 0.1 07 0.0000 81 0.8100 3.4 0.0000 52 00000 2.0 0.0000 1.3 0.0000 17 0.0000 0.48 0.0000 0.93 0.0000 1.6 0.0000 0.78 0.0000 
1,2.3467,8·HpCDF 001 4.0 0.0000 11 0.0000 3.8 0.0000 4.6 0.0000 1.9 0.0000 142 0.0000 103 0.0000 3.1 00310 2.2 0.022 2.1 0.0000 2.0 0.02 
1,2.H.789·HpCDF 0.01 1.9 0.0000 2.7 0.0000 32 00000 5.6 0.0000 31 00000 1.9 0.0000 23 00000 330 00000 2.10 0.0000 56 0.0000 560 0.0000 
12346,789·0CDF 0.001 10,9 00109 23.6 00236 11.8 0.0000 8.3 00000 61 00000, 45:, rr,I"'1c'v·x, 216 00216 70 00070 79 00079 68 00000 2.80 00000 

TOTAL (pglli 1.5134 5.9846 0.0000 0.1280 00158i 6.97451 1.5266 0.4790 0.1839 0,064 0.156 
Nole. TEF 'TOlicl~ Equivalency Factor: EqITCDD' Concentration in terms of 23,7,8 TCDD ppq(parts per quadrilionl 

Ip,IL'111 OOOOOOuglL or 1OOOOOOpglL'lu9lL or 1pglL'111000000000 mglL 
DloxinslFurans (Iotal): induslnal discharge limn is 10 ppq (paris per quadrillion Iand Non delecl'O.OOOO 
M~hod 16138 (9197) 
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Appendix R-2E 

Treated Effluent - Biomonitoring Results 

LCso and NOEC Results: 

LCso (96 hour): (Jun. 27-28, 2000, and Jul. 2, 2000) 

Ceriodaphnia dubia (water flea) = 70.7% 
Pimephales promelas (fathead minnow) = 45.1 % 

NOEC (7 day): (Jun. 27-28, 2000, Jun. 29-30, 2000, and Jul. 2, 2000) 

Ceriodaphnia dubia (water flea): Survival = 50% and Reproduction = 25% 
Pimephales promelas (fathead minnow): Survival 50% and Reproduction 50% 

IC2§.. Results: 

M. C. Stiles STP IC25 WET Testing Results 

Sample Ceriodaphnia dubiJ PimephaJes promelas 
Date (water flea) (fathead minnow) 

Dec.9 ·11, 2003 30.3% 33.3% 
Feb.9 ·13,2004 34.2% 22.9% 
Apr. 26 ·30.2004 36.4% 47.7% 
Jul. 19 ·23, 2004 35.9% 11.2% 
(a) Submitted with Sept. 24, 2004 Permit Renewal Application.
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Appendix R-2F 
Treated Effluent - Other Parameters 

M.e. Stile Landfill Groundwater Mercury Monitoring Results 

Date 
Upmadienl Wells Old Landfill New Landfill 
NO.14 No. 15 NO.1 No 2 NO.3 NO.4 NO.5 NO.6 NO.7 NO.1 NO.2 NO.3 No 4 NO.5 NO.6 No 7 

l'ua/U ua/U ua/U ua/U ua/U ua/U ua/U l'ua/U ua/U ua/U ua/U ua/U uo/U ua/U ua/U ua/U 
2120/85 03 02 02 
2/22/85 0.4 0.4 0.4 
2123/85 0.4 0.5 0.3 0.4 
2/24/85 03 0.5 

3/1185 0.41 
4/26/85 0,51 0.71 0.81 03 

5/3185 ~02 <02 0.3 
8/5/85 <02 0.2 02 
8/6/85 <02 <02 

8/12/85 <02 <02 
11/20/85 02 <02 02 02 02 
11121/85 02 02 <02 02 02 <02 
11/27/85 0.2 0.2 <0.2 

10/7/87 <0.2 <0.2 
Medi3n 13ndfill mercury v31ue =0.3 uglL (r3nge < 0.2 ·0.91 ug/L) 
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MC Stiles STP Sludge Mercury Content 

Date Mercury 
(mg/kg) 

6/20/2000 (a) 1.61 
12/412001 (a) 0.977 
9/10/2002 (a) 1.6 
10/8/2003 (a) 1.2 

Median = 1.4 

(a) Data provided in permittee's NPDES permit renewal 
application. 

Note: 1.05 mg/kg reported for 2010. 
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Appendix R-3 
Calculations  Variances From Federal Secondary Treatment Standards for Effluent 8005 and TSS 

M.e. STILES STP _ SECONDAR.... TREATMENT STANDARDS VARIANCE. PER 40 CFR PART 133.103(b) 
A. 

M.e Stiles STP _ De,..iun Capacity 

Pulp eo Paoper Indullfrles (a 

I,I?UCk€<'!8 T .;-chnQI';"Ji",", 
KTG 
Casc<ldo=os T,:>su,; GrS!.-up _ T~;:;n;;ss;;;;Tn(. 

Pulp & Paper Industries Input to STP ("'1'0» 
T'CItal 

40CFRPart_130 
Subpart 

H 
L 
:i 

'J(' 43,6'0.2. 
2 fYj 1,855 
o 60 2,44~ 
8Z; ·17.9f;0 
61 17A 

2...j,~.,gi 

-:;,329 
'5.565 

35,859 
9:6 

122 14846 
409 8548 
040 ., 993 
t, 1 ";:>'4 

I 11 % 28.921 
8.9 10.5 

150 28.0 

.::rotal"tAOC'oru;;;C.o."P>,CoCd"uCoC.''',oOnO<FC,oW 

OCPSF Inputto STP 1"/,,) I 
Selected Pulp & Paper and OCPSF Industries lnputto STP f~<' 

(a) Vel"",,; sh"""" based on (12) months self_monotonng daTa 

BOD5 

43,>:<03 
1 743 
4263 

49,606 

7065 
10:'5 
17C'S 

23591 
850 

2300 
26,741 

TSS 

TSS 
Avg. -~-DaIlYMax. 

~OOOlb)] (Ib/~ 

.3805 
'500 
'.2 

41 4 2~, Gt:8 
114 1,936 
13? 3.425 

31.031 

.3 172 
1U 258 

656 
1 <341 

1 'i,\J2! 
42 
13.8 

1332.0 
1063
1775 

16 166 
B"065 

215 
625 
71 

Monthly AIIg 
(lbI1.00C'lbll (Iblda 

620 rc 
170 
250 

(1.000 Iblday) 

Actual Produ<;tlon Rate 

40CFR Part 414 
SUbpart

'" F 
H 
H 

Total 

COd 'ndus"",' Conn'bu"ons (bl 

Selected Ful & Paper IndustrIes (40 CFR Part 130 
Buckeye Technoloqles
KTG -- 

C<:Isca,Jes TIssu"," (:'ro:".'p Tenness8;,o Ill'. 

h~PSF Industries la} 

Chemtura 
E I DuPont 
I--'enn Sp",,,,,,,1 
V,=,lslco! ChemIcal 

B. 

Mo....thly Avg. 
mnlll I Ilb/d-av\

Monthly AVe) 

m~JII I (lblda 
Dally M ..x. 

medII r (lbldav\ 

l.Jilt< 
5,0?l 

6W 
510 

7921 

159 
149 
183 
183 

499 
1 'J09 

1 '~O 

190 
:>.448 

4" 
4f, 
':>7 
57 

12 _..y_=i2. 
80 2,729

120 -  400 
120 400 

4,406 

Dally Ma)(_ 
main I (Ib/da 

346 
1.023 

1,;,0 

"'0 
1,670 

3~ 

"~~ 
~ 

.In 
4 UY 

~ 
040 {d 

6 , 

Imqdl 

Total 

ISelected OCPSF Indus!r.ies (40 CFR Part 414) 
ChemtiJr21 
E I DuPnn+ 
Pe-nn ~,p'C'C1Pllty 

\le-ISKOI ChAmlc.PlI 

Total (Pulp 8. Paper+ OCPSF)	 17,837 35,497 29,189 57,729 
(b)	 PlW;U21nt to relevent Federal Effluent 'Juld",llnes LimltEltlQnS for dirEKt dischargers. ",fflu8nt valu8S calculated using ElctuElI produ~,ti0n rat",s for Pulp & Paper InduslrlE's end Flows 

tor 'JCPSF Industnes 
(cl	 BuckE't)/e Technologies' FE-oer,,1 Effluent GUidelines Llmltatons tor 3ubpan: H IS "Reserve" BElsed on Besr Professional Judgment (BPJl determination, direct 
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Appendix R-4 

Aquatic Toxicity Potential due to Ammonia Nitrogen and/or Total 
Residual Chlorine (TRC) - Considerations 

NH3-N tOXICITY potential considerations 

To access toxicity impacts, the state utilizes the EPA document, 1999 Update to 
Ambient Water Ouality Criteria for Ammonia and assumed stream temperatures of 
25°C and 15°C and pH of 7.5 or 8.0 to derive an allowable instream protection value 
protective of chronic exposure to a continuous discharge. A mass balance equation 
with sewage treatment facility and stream flows and this allowable value determines 
the monthly average permit limit. The criteria document states that a 3005 flow 
value is protective in deriving allowable values. Where the division has 3005 flow 
values, the division may use them. Otherwise, the division utilizes the available 7010 
or 1010 values that are generally more conservative. The criteria continuous 
concentrations (CCC) derived from assumed temperature and pH values are as 
follows: 

CCC values based on temperature and pH, in mg/L: 

Temperature (oC) 1?-5 pH 18.0 pH I I-=T'--e-m-p-e-ra-tu-r-e-c(o-=c-c)-17.5 pH 18.0 pH I 
. 30 . 1.61 .. 0.90 . 20 3.06 . 1.71I 
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The mass balance equation is as follows: 

ccc = QsCs + QSTpCSTP or.
 
Qs + QSTP
 

where:
 

CCC = Criteria continuous concentration (mg/I) 
as = receiving stream 7010 flow (70,500 MGD) 

OSTP = STP Design flow (135 MGD) 
Cs = Assumed/Measured instream NH3 - N (0.1 mg/I) 

CSTP = Allowable STP discharge NH3 - N (mg/I) 

Assuming Complete Effluent Dispersion: 

(summer)
 
CSTP = 0.90 (70.500 MGD+ 135 MGD)-(70,500 MGD x 0.1 mg/I) = 419 mg/I
 

135 MGD 
(winter) 
CSTP =1.71 (70.500 MGD+ 135 MGDH 70.500 MGD x 0, 1mg/ll =842 mg/I 

135 MGD 

Based on the above evaluation results, specific limitations for instream NH 3-N 
toxicity is not warranted. However, if the Outfall 001 discharge transport/dispersion 
evaluations per the new permit's Section 3.5, demonstrate a concentrated/extended 
discharge plume, the permit may be modified for numerical NH 3-N permit limitations. 

TOTAL RESIDUAL CHLORINE TOXICITY POTENTIAL CONSIDERATIONS 

Should the permittee start using chlorination for effluent disinfection the following 
approach would be applied. Acute and chronic residual chlorine limits are 
determined using the following mass balances and the EPA instream protection 
values for fish and aquatic life: 

Assuming Complete Effluent Dispersion: 

where: 
0.019 = instream acute protection value (mg/I) 
0.011 = instream chronic protection value (mg/I) 
135 = ad, STP design flow (MGD) 
70,500 = as, receiving stream 7010 flow (MGD) 

Acute Calculation 

0.019 (ad + as) = Limit (mg/I) = 0.019(135+70,500) = 9.9 mg/I 
ad 135 

Chronic Calculation 

0.011	 (ad + as) = Limit (mg/I) = 0.011(135+70,500) = 5.8 mg/I 
ad 135 
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The proposed new permit TRC limit for Outfall 001 discharge = 2.0 mg/I (from industry 
practice for breakpoint chlorination where 2.0 mg/I of free residual chlorine is associated 
with a 30 minute hydraulic retention time). 
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Appendix R-5 
Whole Effluent Testing - Biomonitoring LCso and IC2S Considerations 

The division evaluates all dischargers for reasonable potential to exceed the 
narrative water quality criterion, "no toxics in toxic amounts". The division has 
determined that for municipal facilities with stream dilutions of less than 500 to 1, 
any of the following conditions may demonstrate reasonable potential to exceed this 
criterion. 

a. Some toxicity is suspected or demonstrated. 
b. A pretreatment program is required. 
c. The design capacity of the facility is greater than 1.0 MGD. 

EPA's Technical Support Document for Water Quality Based Toxics Control 
(TSD) recommends that the evaluation of both acute and chronic toxicity be based 
on the number of observations in the data set, the coefficient of variation and an 
uncertainty factor. The uncertainty factor value is taken from a chart in the technical 
support document and the coefficient of variation (G.V.) is based on the following 
numbers. 

Less than ten observations G.v. = 0.6 
More than ten observations G.V. = Standard Deviation/Mean 

Biomonitoring test results are converted to Toxic Units (TU) as follows: 

TUa = 100/LGso (for acute test results)
 
TUc = 100/NOEG or 100/IG25 (for chronic test results)
 

To determine if acute and/or chronic biomonitoring is required in the new permit, the 
final acute value is compared to the criteria maximum concentration (GMC) for acute 
toxicity (GMG = 0.3 X TUa). The GMG is defined as the highest instream 
concentration of an effluent to which organisms can be exposed to for a brief period 
of time without causing an acute effect. The final chronic value is compared to the 
criteria continuous concentration (GGG) for chronic toxicity (GGG = 1.0 X TUc). The 
GGG is defined as the highest instream concentration of an effluent to which 
organisms can be exposed to indefinitely without causing an unacceptable effect. In 
the absence of chronic data, an acute to chronic ratio (AGR) of 4.4 is assumed (TSD 
Appendix A.3). 

The following biomonitoring assessment assumes the the permittee's Outfall 001 
discharge 100% dispersion in Mississippi River under low-flow conditions: 
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Filciliw M. C. Stiles STP 
NPOES Nt). TNOO20711 7010 70.500 MGD TUu lsfle,llll ~ 0.0 ilcute 

Odesi n 135 MGO "1010 NA TUupsne,llJl  0.0 duollk 
S.'lUllle O"tes LC~o 'po TU, S.lIIlllle Dates 'po NOEC TU, 

100 L~o 01 IC2~ 100 HOEC 01 

("o) ('oj 100 1(25 
Jun 27-28 & Jul 2 2000 707 CO 1.4 
Jun 27-28 &Ju12 2000 451 pp 2.2 Jun 27-28 & Jul 2 2000 CO 

Jun 27-28 & Jul 2 2000 pp 50 20 
Dec 9-11,2003 CO 303 33 
Dec 9·11 , 2003 pp 333 30 
Feb 9-13, 2004 CD 342 29 
Feb9-13,2004 pp 229 44 
Aor 26-30,2004 CD 364 27 
AlJr 26-30,2004 pp 477 2.1 
JuI19-23.2004 CO 359 28 
Jul19 23. 2004 pp 112 89 

COlillt 2 9 
Avel;)< e NlA 3.6 
Maximum 22 89 
Std Dev N/A 2.1 
Coefl. Of Vali.nion (c.v.l 0.6 0.6 
Ullcl'tltailltv F.ldol (U.tll.'1 38 1.8 
TU loading ,g" DischalIJe - TU·U.f:Odull:m 1,137 2,170 
TU loadiIH\.a' Upslleam TUIlPstn'.llll· 7010 0 0 
TU ,'(j, DOWnS1H!i1111 cl 0.016 0.031 
Biomonitorlm Rei uhement (b NO NO 
l'll Flom IIncenallll1' filClolS t<1l1le. Ifst.llId,ud ,levlatwlI 0.0. then use 1.0 101 unee1"t<lml1' 1.letor. 
(hi Biomolliloling re1lllilecli ifTU,J ~ 0.3 'Uld, or if TUe ~ 1.0. 
leI TU 1000.ling downstleamlOdesign + 70101 
Note: M,lXillllllll TU.l ,111d Tile valnes were lIsed fOI dischc1lge TU l(hlJings. Also. ullS1rei'lnl TU v.lhles <Ire ,lssunll~·d. 

The acute toxicity tests specified herein shall begin no later than 120 days from the 
effective date of this permit. 

In the current permit, the division used the NOEC as the measure of chronic toxicity 
and coupled it with the requirement to estimate the 96-hour LC,o (acute tOXicity) from 
the NOEC. However, LC,o values cannot be accurately calculated from the NOEC, 
since the test requirements are different. The chronic toxicity IC2, test is deemed 
equal to but statistically preferred to the NOEC because the IC2, is not readily 
affected by variability in the test data and it incorporates both mortality and chronic 
effects. 

As shown in the above biomonitoring summary table for discharge to the Mississippi 
River, the estimated TUa and TUc values do not exceed the CMC and CCC, 
respectively. As such, a reasonable potential for instream acute and chronic toxicity 
are not demonstrated, for the Outfall 001 treated effluent fuily dispersed in the 
Mississippi River under low-flow conditions. However, since the actual Outfall 001 
discharge mixing characteristics within the Mississippi River have not been 
determined at this time, 48-hour LC,o biomonitoring testing is required for the new 
permit. The division may modify the new permit acute WET requirements if 
warranted based the actual Outfall 001 biomonitoring results, and the Outfali 001 
discharge transport/dispersion characteristics within the Mississippi River, pursuant 
to the new permit's Section 3.5 requirements. 
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Appendix R-6 

Water-Quality Based Effluent Calculations- Other 
Parameters!Antidegradation Considerations 

The following procedure is used to calculate the allowabie instream concentrations, 
pass-through gUidelines, and permit limitations. 

a.	 The most recent background conditions of the receiving stream segment are 
compiled. This information includes: 

• 7Q10 of receiving stream (70,500 MGD, USGS)
• Hardness as Ca03 (192 mg/I) 
• Total suspended solids (71 mg/I) 
• Background metals concentrations (Yo water quality criteria) 
• Other dischargers impacting this segment (none) 
• Downstream water supplies, if applicable 

b.	 The chronic water quality criteria is converted from total recoverable metal at lab 
conditions to dissolved lab conditions for the following metals: cadmium, copper, 
lead, nickel and zinc. Then translators are used to convert the dissolved lab 
conditions to total recoverable metal at ambient conditions. 

c.	 The acute water quality criteria is converted from total recoverable metal at lab 
conditions to dissolved lab conditions for the following metals: cadmium, copper, 
lead, nickel, zinc, silver and mercury. Then translators are used to convert the 
dissolved lab conditions to total recoverable metal at ambient conditions for the 
following metals: cadmium, copper, lead, nickel, silver and mercury. 

d.	 The chronic criteria for Chromium (T) is given in the total recoverable form and is 
not converted to a dissolved lab condition or to the total recoverable ambient 
condition. 

e.	 A standard mass balance equation determines the total allowable concentration 
(permit limit) for each pollutant. This equation also includes a percent stream 
allocation of no more than 90%. 

The following formulas are used to evaluate water quality protection: 

Cm = QsCs + QwCw 
Qs+Qw 
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where: 

em = resulting in-stream concentration after mixing 
Cw = concentration of pollutant in wastewater
 
Cs = stream background concentration
 
Ow = wastewater flow
 
Os = stream low flow
 

to	 protect water quality: 

Cw <;; iliA) rCm lOs + Ow) - OsCsl 
Ow 

where (SA) is the percent "Stream Allocation". 

Calculations for this permit have been done using a standardized spreadsheet, titled 
"Water Ouality Based Effluent Calculations." Division policy dictates the following 
procedures in establishing these permit limits: 

1.	 The critical low flow values are determined using USGS data: 

Fish and Aquatic Life Protection
 
7010 - low flow under natural conditions
 
1010 - Regulated low flow conditions
 

Other than Fish and Aquatic Life Protection
 
3005 - low flow under natural conditions
 

2.	 Fish & Aquatic Life water quality criteria for certain Metals are developed through 
application of hardness dependent equations. These criteria are combined with 
dissolved fraction methodologies in order to formulate the final effluent 
concentrations. 

3.	 For criteria that are hardness dependent, chronic and acute concentrations are 
based on a Hardness of 25 mg/l and Total Suspended Solids (TSS) of 10 mg/l 
unless STORET or Water Supply intake data substantiate a different value. 
Minimum and maximum limits on the hardness value used for water quality 
calculations are 25 mg/l and 400 mg/l respectively. The minimum limit on the 
TSS value used for water quality calculations is 10 mglL. 

4.	 Background concentrations are determined from the division database, results of 
sampling obtained from the permittee, andlor obtained from nearby stream 
sampling data. If this background data is not sufficient, one-half of the chronic 
"In-stream Allowable" water quality criteria for fish and aquatic life is used. If the 
measured background concentration is greater than the chronic "In-stream 
Allowable" water quality criteria, then the measured background concentration is 
used in lieu of the chronic "In-stream Allowable" water quality criteria for the 
purpose of calculating the appropriate effluent limitation (Cw). Under these 
circumstances, and in the event the "stream allocation" is less than 100%, the 
calculated chronic effluent limitation for fish and aquatic life should be equal to 
the chronic "In-stream Allowable" water quality criteria. These guidelines should 
be strictly followed where the industrial source water is not the receiving stream. 
Where the industrial source water is the receiving stream, and the measured 
background concentration is greater than the chronic "In-stream Allowable" water 
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quality criteria, consideration may be given as to the degree to which the 
permittee should be required to meet the requirements of the water quality 
criteria in view of the nature and characteristics of the receiving stream. 

The spreadsheet has fifteen (15) data columns, all of which may not be applicable to 
any particular characteristic constituent of the discharge. A description of each 
column is as follows: 

Column 1:	 The "Stream Background" concentrations of the effluent 
characteristics. 

Column 2:	 The "Chronic" Fish and Aquatic Life Water Quality criteria. For 
Cadmium, Copper, Lead, Nickel, and Zinc, this value represents the 
criteria for the dissolved form at laboratory conditions. The Criteria 
Continuous Concentration (CCC) is calculated using the equation: 

CCC = (exp { me [ In (stream hardness) ] + be } ) (CCF) 

CCF = Chronic Conversion Factor 

This equation and the appropriate coefficients for each metal are from 
Tennessee Rule 1200-4-3-.03 and the EPA guidance contained in 
The Metals Translator: Guidance For Calculating A Total Recoverable 
Permit Limit From a Dissolved Criterion (EPA 823-B-96-007, June 
1996). Values for other metals are in the total form and are not 
hardness dependent; no chronic criteria exists for silver. Published 
criteria are used for non-metal parameters. 

Column 3:	 The "Acute" Fish and Aquatic Life Water Quality criteria. For 
Cadmium, Copper, Lead, Nickel, Silver, and Zinc, this value 
represents the criteria for the dissolved form at laboratory conditions. 
The Criteria Maximum Concentration (CMC) is calculated using the 
equation: 

CMC = (exp { mA [ In (stream hardness) 1+ bA} ) (ACF) 

ACF = Acute Conversion Factor 

This equation and the appropriate coefficients for each metal are from 
Tennessee Rule 1200-4-3-.03 and the EPA gUidance contained in 
The Metals Translator: Guidance For Calculating A Total Recoverable 
Permit Limit From a Dissolved Criterion (EPA 823-B-96-007, June 
1996). Values for other metals are in the total form and are not 
hardness dependent: no acute criteria exists for Total Chromium. 
Published criteria are used for non-metal parameters. 
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Column 4: The "Fraction Dissolved" converts the value for dissolved metal at 
laboratory conditions (columns 2 & 3) to total recoverable metal at in
stream ambient conditions (columns 5 & 6). This factor is calculated 
using the linear partition coefficients found in The Metals Translator: 
Guidance For Calculating A Total Recoverable Permit Limit From a 
Dissolved Criterion (EPA 823-8-96-007, June 1996) and the equation: 

1 
= 

Ctota ' 1 + ( [Kpo] [ss(1+a)] [10'6] ) 

ss = in-stream suspended solids concentration [mgtl] 

Linear partition coefficients for streams are used for unregulated 
(7QlO) receiving waters, and linear partition coefficients for lakes are 
used for regulated (1Q10) receiving waters. For those parameters not 
in the dissolved form in columns 2 & 3 (and all non-metal 
parameters), a Translator of 1 is used. 

Column 5: The "Chronic" Fish and Aquatic Life Water Quality criteria at in
stream ambient conditions. This criteria is calculated by dividing the 
value in column 2 by the value in column 4. 

Column 6: The "Acute" Fish and Aquatic Life Water Quality criteria at in-stream 
ambient conditions. This criteria is calculated by dividing the value in 
column 3 by the value in column 4. 

Column 7: The "Chronic" Calculated Effluent Concentration for the protection of 
fish and aquatic life. This is the chronic limit. 

Column 8: The "Acute" Calculated Effluent Concentration for the protection of 
fish and aquatic life. This is the acute limit. 

Column 9: The In-Stream Water Quality criteria for the protection of Human 
Health associated with the stream use classification of Organism 
Consumption (Recreation). 

Column 10: The In-Stream Water Quality criteria for the protection of Human 
Health associated with the stream use classification of Water and 
Organism Consumption. These criteria are only to be applied when 
the stream use classification for the receiving stream includes both 
"Recreation" and "Domestic Water Supply." 

Column 11: The In-Stream Water Quality criteria for the protection of Human 
Health associated with the stream use classification of Domestic 
Water Supply. 

Column 12: The Calculated 
Consumption. 

Effluent Concentration associated with Organism 

Column 13: The Calculated Effluent Concentration associated with 
Organism Consumption. 

Water and 
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Column 14: The Calculated Effluent Concentration associated with Domestic 
Water Supply. 

Column 15: The Effluent Limited criteria. This upper level of allowable pollutant 
loading is established if (a) the calculated water quality value is 
greater than accepted removal efficiency values, (b) the treatment 
facility is properly operated, and (c) full compliance with the 
pretreatment program is demonstrated. This upper level limit is based 
upon EPA's 40 POTW Survey 0 n levels of metals that should be 
discharged from a POTW with a properly enforced pretreatment 
program and considering normal coincidental removals. 

The most stringent water quality effluent concentration from Columns 7, 8, 12, 13, 
14, and 15 is applied if the receiving stream is designated for domestic water supply. 
Otherwise, the most stringent effluent concentration is chosen from columns 7, 8, 
12, and 15 only. 

PASS-THROUGH LIMITATIONS 

Pass-through limitations for heavy metals and other toxic substances have been 
recalculated as part of the permit issuance process and/or due to changes in 
industrial waste contribution to the POTW. This POTW is required to 
implemenVmaintain a pretreatment program. More frequent monitoring will be 
required in the permit if (a) the reported concentrations approach or exceed 
calculated allowable values, (b) significant amounts of particular pollutants are 
present which may impact the treatment process sludge character or the receiving 
stream, or (c) minimum information is lacking to accurately calculate water quality 
protection values, in which case additional stream monitoring may also be required. 

A summary of the semi-annual report data does not indicate that the potential exists 
for the water quality criteria for any parameter to be exceeded. Appendix 3 lists the 
metal and toxic parameters calculations and the procedure used to derive the 
results. 

Volatile Organic, Acid-Extractable, and Base-Neutral Compounds 

The division evaluated effluent concentrations of volatile organic, acid-extractable, 
and base-neutral compounds and antimony, arsenic, beryllium, selenium and 
thallium for potential to violate water quality criteria using the following mass balance 
equation: 

Cm = OsCs + OwCw 
Os+Ow 

where: 

Cm = resulting in-stream concentration after mixing 
Cw = concentration of pollutant in wastewater 
Cs = stream background concentration 
Ow = wastewater flow, (STP design flow) 
Os = stream low flow 
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to	 protect water quality: 

Cw s Ca 

where: 

Ca = STP effluent concentration allowable 

= {ful rCm (Os + Owl - OsCsl
 
Ow
 

and (SA) = the percent "Stream Allocation". 

The reasonable potential evaluation uses the following assumptions and procedures: 

a.	 Stream background concentrations, Cs, for all volatile organic, acid-extractable, 
and base-neutral compounds equal zero unless actual stream data exists to 
show otherwise. Use of the effluent concentrations of such pollutants contributed 
by upstream dischargers as background is not justifiable due to the volatility and 
reactivity of these pollutants. 

b.	 The stream allocation, SA, is 50% and is used as a factor of safety. 

c.	 A mass balance uses the STP design flow, the receiving stream critical low flow 
(7010 or 1010), the state water quality numeric criteria, and the stream 
allocation safety factor to derive the allowable effluent concentrations. 

d.	 When pollutants have potential to violate standards because the concentrations 
are below the scan detection levels but could be above the allowable water 
quaiity based effluent concentrations, the pollutants are handled one of three (3) 
ways: 

i.	 Additional testing of detected and non-detected pollutants is required if 
contributing industrial processes are likely to contain them and the effluent 
scans have not met the minimum required detection levels (ROL) in the state 
water quality standards or approximated the method detection limits (MOL) of 
the approved test methods for the pollutants in 40 CFR Part 136. 

ii.	 If the required ROL has been used and resulted in non-detection, or if an 
MOL has been used with non-detection and the contributing industrial 
processes do not reasonably contain that pollutant, the division drops the 
pollutant from further consideration. 

iii.	 Pollutants detected at levels high enough to violate standards are limited in 
the permit to the allowable concentration, Cw, based on STP design flow. 

Calculations for this permit hi\ve been done using the standardized attached 
spreadsheet, titled "Water Ouality Based Effluent Calculations- Other Compounds", 
as presented in this appendix. Ail metals other than antimony, arsenic, beryllium, 
selenium, and thallium have been evaluated using procedures described in the 
rationale, Section 8.7 entitled "Metals and Toxics Control Considerations". 

The evaluation indicates that volatile organic, acid extractable, and base neutral 
compounds and antimony, arsenic, beryllium, selenium, and thallium do not exhibit 
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the potential to violate water quality criteria, and thus will not be given effluent 
limitations and monitoring requirements in the permit. 
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Lelld (a b) ? 'iuU :; OBO 130362 0132 3(>444 03" ~32 9399.32 251292.32 N'A
 
Cadmium (I,bl 0 'lOU 011.17 3795 o 30~ 12n 1249.1 202.47 3135.84 ----wA ----,;u;: 5.0 

~<,44~, 45.0 Lead (a b
 
Mereu I t,e 0 720 Ci1ro 1400 1000 0770 1400 13.43 ------m:i6 ~ 005
 

~ iTA'M 
-212.60 222 ,v Uti 96 0.4 Mercu I tel 

1,1,1 Trichloroethane I) '-11)1-, NA NlA 2OCIO WA .,,~li2 30.0 1,1,1 Trlchloroethana
 
Ethylbenzene (j ono
 

~._-+- 21000 5300 )000 699883.98 1701]:)139 7112Y-1 \,6 4.0 Eth lbenzen-e - 

Carbon Tetrachloride 0 000
 -160 5:0 5332.46 fhh ',4 li,imJ9 15.0 C.rbon Tetrachloride
 
Chloroform 0000
 

.n 
47000 570 Em 156640101 '89% g~ ~, 85.0 Chloroform
 

Tetrachloroethylene 0000
 ------no 50 10998.18 2)4'0167 1(;66 ',9 260 Tetrachloroethylene
 
Trichloroethylene II 01)0
 " 3000 2~,O "9S9iW s'n, (t'. 1\,11639 10.0 Triehloroeth Iene 

100000 l4Oi'i 1000 -----r:M If,f.~P, q; y,'127kl, 1,512 trans Dlthloroeth lene 
Met lene Chloride 0000 
1.2 trans Dlchloroethylene 00(10 

60.0 Meth lene Chloride
 
Total Pheno'" II nOli
 

59000 40.0 ----wA1 1966340.11 l~.lLl'~1 =:::.::tHJ 
N,'A NlA t#j ~JIA SO.O Total Phenol, ~ 

Na hthalene 000(1 NA I'l'!' 1.0 Na hth,lent
 
Total Phth.l.les 0000
 

WA NlA N'A 
N:A tJIA N,'A N-A 64.5 Total Phth.lste,
 

Chlorln. IT. RtI.j :'':,i,.lO 11000 19000 1000 "tji)1) 19000 2881.63 7065.09 N,A NiA NtA
 N'A N/A Chlorine (T. Re'.l 

a Denotes metals for which FISh & AquatiC Life Cnlerla are expressed as a function of lolal hardness. 
b The criteria for thiS melal is in the dissolved rorm allab conditions. The calculated ellluent concentration is in th9 tctal recoverable form 
c The chronic cnteria for mef{;ury is not converted to dlssolv9d. Since it is based on fish tissLie data rather than toxicity. 
d The cri.teriZilor this p<1rameter is in Ihe total form 
e Previously. the DiviSion established that 0006 ugfL would be maximum background default if no 9lJmpie data available or jf 811 s8mples were <:RDL (<:0.2 uglLI, based on reference stream monitoring by DOE. 
f Sliver limit is daily max if column 6 is most stnngent. 
g When columne 7 or 8 result In a neg/ltive number, ,"se results from columns 5 or 6, respectively. 
h When columns 12 13 or 14 res,"lt In a negative number. use results from columns 9, 10 or 11, respectively. as applicable. 

Domestic supply included in river use so pick from columns 7,8,12,13,14,15 or Domestic supply not included in river use so pick from columns 7 8, 12 or 15 
.. Water Quality cnteria for strEol'm use clZlssificZltions other lhal) Fish & Aquatic Life are based on (he 30Q5 flow 

230,0 C ,anide{d) 
15.0 Toluene 

3.0 Benzene 

5.0 Silver lI,b 
200.0 Zinc la.b' 

J' 

Nill 

N:A 

ITt;" 
IiA1 

10th ~\q 

~~ 
~l'f\, 

4:,,'.1,171 

74 

------r:i-:r\ 
N:A 

4··.. \h,1 ,,1 
7;:',21::' 

45193.71 
4999111.29 

169971,82 

NIA 
NIA 
NIA 
NI' 

WA 
NIA 
NI' 
NIA 

NiA 
N,. 

200 a 
10000 
50 

50 

50 
W 

NtAJ
ttAJ 

1400 
1300-6 

22IJ 

-tjiA 

NiA 
ffA" 

'M 
1400 

150000 

.i!QQ

5073.74 

1293.93 
283820.52 

681.11 

----wA 
286180.59 

2L IJIJU 

~ 
11IJJ 41::\2 

520U 

NoA 
1112188 

1000 

1000 
0T85 

22000 

9879 
2036:,6 

5200 

""1IiA 
i05321 

~~lflide (d) ~ tjrJ'J 

Tolu'ne II f,ilO 

Benzene I) (100 

Silver (a,b 4.939 
Zinc (a,bl 18000 
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Maynard Stiles 
PTL 

216!1993 

85% PTLs Proposed 
511111011 

Jan·Dec 09 Jan·Dec 08 Jan·Dec 07 Jan·Dec 116 Jan·Dec 05 Jan.Dec 04 Jan·Dec OJ Jan·Dec 01 
AR· Feb 01 

Apr.OO 

COPPER 0.0800 0.0680 0.0800 001077 0.02300 0.01138 000844 001010 001300 002800 001985 0.01858 
CHROMIUM. III nfa nla report 
CHROMIUM. VI nfa nla report 
CHROMIUM, TOTAL 0.0600 nla nfa 0.00170 000422 001899 000817 000606 000606 0.00900 0.01060 0.01133 
NICKEL 0.1800 0.1530 0.1800 002079 0.02950 0.01985 0.01440 001667 0.02600 001405 001175 
CADMIUM 0.0050 0.0043 0.0050 000071 0.00100 0.00101 0.00101 000101 000050 0.00050 000001 000002 
LEAD 0.0450 0.0383 0.0450 0.00086 0.00358 0.00239 000220 0.00031 0.00212 0.00300 0.00019 0.00040 
MERCURY 0.000400 0.000043 0.000051 0.00020 000020 
SILVER 0.0050 0.0043 0.0050 0.00027 0.00036 
ZINC 0.2000 0.1700 0.2000 003089 0.04790 0.03996 003920 0.03589 0.03708 007000 0.02920 0.03738 
CYANIDE 0.2300 0.1955 0.2300 001900 0.02100 000038 0.01210 0.03690 001820 0.03030 0.00001 0.00001 
TOLUENE 0.1500 0.1275 0.1500 0.00100 0.01990 001990 
BENZENE 0.0030 0.0026 0.0030 0.00100 000100 0.00100 
1,1,1 TRICHLOROETHANE 0.0300 0.0255 0.0300 0.00100 0.00100 000100 
ETHYLBENZENE 0.0040 0.0034 0,0040 0,00100 000100 0,00100 
CARBON TETRACHLORIDE 0.0150 0.0128 0.0150 000100 0.00100 0.00100 
CHLOROFORM 0.0850 0.0723 0.0850 0.00206 000572 000570 
TETRACHLOROETHYLENE 0.0250 0.0213 0.0250 0,00100 0.00200 0.00200 
TRICHLOROETHYLENE 0.0100 0.0085 0.0100 000100 0.00100 0.00100 
1,2 TIlANSDICHLOROETHYL 0.0015 0.0013 0.0015 0.00100 000100 000100 
METHYLEtIE CHLORIDE 0.0500 0.0425 0.0500 000100 000200 0.00200 
TOTAL PHENOLS 0.1000 0.0850 0.1000 0.05000 005000 0.00003 000858 001564 000207 000810 0.00650 0.06900 
NAPHTHALENE 0.0500 0.0425 0.0500 0.00100 000200 0,00200 
TOTAL PHTHALATES 0.0645 0.0548 0,0645 0.00100 0.01770 001030 
Bolded in effluent data exceeds 85% of proposed PTLs 
Shaded means detection level 
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Flrst Part of Summary WATER QUALITY BASED EFFLUENT CALCULATIONS 

FACILITY: 

SlrearTl Stream 
(7010) (3005) 
jMGD] IMGDj 
70,500 89900 

, 2 1 5 6 
Slream Dectectlon Leve',s Fish/Aqua L~e 

Ekl<9r'1d WQC RDlScan Water QuahN Crnena 
Cone MOL 'EPA MOL C~~~IC-'cMIPARAMETER ICMI Icom ~:~ 

HEPTACHLOR 0.01138 0.520.004 
O,O~ 0,001DDT 1.1 

DIELDRIN 0.056 0.24 
ANTIMONY 

0.004 

3.' 
ARSENIC "I.' \., 1150.0 340.0 
BERYLLIUM I.'I.' ..,SELENIUM 20.0 
THALLIUM 

3.' '.0 
10.0 

ACROLEIN CO 10.0 1.0 
ACRYLONITRILE 00 10.ll I.'..,BEMZENE 00 1.0..,BROt.10FOR~.1 00 1.0 
CARBON TETRACHLORIDE 0.0 '.0 I.' 
CHlOROBENlENE 00 '.0 
CHlORODIBROMO METHANE 00 10.0 
CHLOROETHANE 10.0 
2-CHlORO-ETHYlVINYL ETHI::R 

00 
10.0 

CHLOROFORM 
00 .., ,..00 

DICHLOROBROMO·METHANE 00 6.0 1.0
 
1 1-DICHLOROETHANE
 00 1.0
 
1,2-DICHLOROETHANE
 

'.0 
10 

TRANS t.2·D',LHLORO-ETHYLENE 
'.0 '.0 
00 '.0 

t, t_DICHLDROETHYLENE 00 1.0 
1 2·DICHLOROPROf'ANE 

'.0,.,00 
1.3-0ICHLORO-PROPYlE~j E 00 1.0 
ETHYLBENZENE 

'.0 
00 1.0 

METHYL BROMIDE 
'.0 

10.0 
METHYL CHLORIDE 

0.0 
10 

METHYLENE CHLORIDE 
00 1.0 
00 10.0 LO 

t.l ,2.2·TETRACHLORQ.-ETHANE 00 '.0 D.' 
TETRACHlORO-ETHYLENE 00 '.0 0.' 
TOLUENE 00 1.0 
t, t.t-TRICHLOROETHANE 

'.0 
00 1.0 

t.1,2-TRICHLOROETHANE 
'.0 

00 0.2 
TRICHLORETHYLENE 

'.0 
00 1.0 

VINYL CHLORIDE 
'.0 

00 10.0 2.0 
P-CHLORO_M_CRESOL 00 10.0 
2 CHLOROPHENOL 10.0 
24-DICHLOROPHErJOL 

00 
10.0 

2 4 DIMETHYLPHENOL 
00 
00 10.0 

4 6·DINITRO_O·CRESOL 00 20.0 24.0 
2 4-DINITROPHEN0L 100 42.0 
2-NITROPHENOL 

00 
00 to.1l 

4-tJlTROPHENOL 10.000 
20.000~~T~HLOROPHENOL '.0 

PHErJ0L 00 10.0 " " 

OUTFALL DO' 

T.E. MAXSON STP 
PERMIT: TNOD20729 

Hardn~ssTtl SllSP Margin of
 
Flow
 

W"ste 
Safet;o
 

[r.lGD]
 
Solids (as Ci'C03) 
(mg;l] Irn9~] 1%1 

90 192 "" 
7 , 9 14 15 

Permit Renewal
 
ConcentratIon
 

Calculated Effluer'll " " Cntena 30Q5 "Human Hea~h 'Nater Quail " 
~p'I',callon (3 Values) 

Organisms 
1,,·Slreilnl Crltena Calculated Effluellt Concentration 

Waler/Org Water/Org p.,'.g'MaKDWS Organrsms OWS 
luolll Icolll Icolll fUIll1IColli ,;""Ie'" 

0.00019 0.00019 0.3&5 0.395 200.0 M.lIx"0.155•• . R-2C} 
0.0022 

'.4 
1.100 1.100 M" 0.055 5.. Ap . R-2C) 

0110054 
0.0022 '.1 00.' 

0.000112 0.270 0.260 M" 0.018 (5.. App. R-2Cl 
-<5.01<5.0640.0 319.64.4 2799.7 2999.76.''.6 

10.0 4999.4 4999.4 4999.4 1.9/4.04 

4.' 
10.0 10.0 

<;1.0/<t.01999.8 
24997.2 <3.0/<3.000.' 

0.41 0..24 120.0 999.9 <101<102.0 235.0 
190.0 144983.9 94989.4 <10/<10 

2.' 
290.0 

<to/<ll)0.81 1249.9 255.0 .., 2499.722.0 254911.7 10998.8 <Sf<5510.0 
1400.0 21497.6 <Sf<543.0 699922.2 

16.0 7999_1 1149.9 2499.7 <5.1<5 
1600.0 

2.3 '.0 
799911.1 49994.4 <5.1<5130.0 100 64'92.8 

<1111<1Q 
-<101<10 
<tOI<1\) 

4700.0 

64992.8no.o 4.0 199U 

57.0 2,3.(9738.9 28496.8 <51<5 
2149.1 <SI<S 

NA 
170.0 8499ll.S'.6 

NA NA NA NA NA <51<5 
310.0 184919.4 1899.8 249'-7 <51<5 
10000 

3.' '.0 
<5/<5140.0 1Ol1.0 4999444.4 69992.2 49994.4 
<:i/..S 

1lKl.O 
7.100 3549605.8 164981.7 3499.6330 1.' ,., ..s/..s74991.7 2499.72499.1'0 

..SJ..~104988.3210.0 1699.8J.' 
",0 1049883.3 264970.6 <5/<5 

1500.0 
700.0 341961.1"00 

].t19,6,747.0 23497.4 <101<10 
.. lDI<10 

11900.0 46.0 2949672.2 .2.2997.4 <51<5 
849.9 <5/<540.0 1.7 19997.8 

16498.2 3449.6 <S/<S 
15000 
33.D 2499.1'.0 

1000.0 7499166.7 649927.8 498944.4 ..S/-<S1300.0 
.. !>/..s99988.9200.0 
<;SI~5]g991.1 2,0199.7160.0 2949.7'.9 '.0 
<5/~S149913.3 2498.7300.0 25.0 12498.6'.0 

<10/..10 
-<lD/<lQ 

11988.724.0 0.25 2.0 125.0 999.9 

40485.5 <10/..10 150.0 81.0 74991.7 
290.0 77.0 144983.9 384'5.7 <10/<111 
850.0 380.0 424952.8 189978..9 "101"111 

<201<211 
11300.0 
280.0 13.0 139984.4 6499.3 

.. 101<10 
<10/<10 
-<10/<1Q 

69.0 2~9105.6 34496.2 

<10/..20 
1700000 

30.0 1.0 14.91.3 1349.9 499.92.1 
<111/<2021000.0 849905565.6 10496833.3 

Chfonl~
 

leo'll
 
1.'
 
'.4
 
22.0 

58825.0 

1!l6O.8 

6882.5 

""ill'
Icom 
203.9 
4JIA 
94.1 

133336.7 

1843.3 

7461.2 
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Second Pill" of Summary Ii WATER QUALITY BASED EFFLUENT CALCULATIONS 
OUTFALL G01 

FACILITY, M.e. STILES STP 
PERMIT. TN002D711 

Margin "fCe.,,, I "",m I W,"e I'" >0" I H,"ce" I(7(:,10, (3006) FkWJ O-Qllds (a" CaC03) S~Je[) 

It,1GDJ [1,lG01 I [mg'l] Im']ll] I',;
l~~',~ho 89,900 1J.!l 71 192 50 

" 152 5 10 11 I 12 13 
St,eil'" D€JclecIIJl' l",'t"I~ 11511 Aqua L,f" Calculateci l:;ltluent "'erm'l-R~n,,'~ 

Eicl<gmd -----sl.dn I ',.\.. ...;,<.:; ,",UL Wdlel QLJallt" [.",!",'J Concentration Appllc d'''''' (', ,-,,,lu.,S) 
Ch,'ollLe ACL"~ A,y'I.I"~=, Cone ','DL '!OPA UDL Ghrur"c - r-Awte 

PARArAETER - ru II u ,I u ,n lu~'ll lucl!ll ruq,ll rUQiIi ~ 
~t;;HLOROPHEI'-iOL 00 1!l.a 2.7 ,,10/"'10 
ACENAPHTHENE 00 10.0 "'10/"'10 
ACENAPHTHVtFN'" 0 0 10.0 2.3 ""0/",10 

"'10/"'10-
BE~JZIDINE (j (J 10.0 

IAfHHRACENE 0 I) 10.0 07 40000 2767742.65::100.0 133311516.15 
. 0:'30.0020 0.00086 <10/<10~ 

BENZOIA THRACENE 0 0 10.0 D.J' --------o:1i 0.0::16 60.0 "'10/<1012.7..,BENZO(A'PYRENf 00 1D.0 0.3 66_7~ 0.038 60.0 12.7 "'10/<10 
::< 4 BENZO FLUORANTHENE 00 10.0 0.3 0.038 12.1o:1i 60.0 "'10/<10
 
BEIJZQ GHljPERYLEfJE 00 10.0
 -;:1iik10-..,8EtJZO(l<),LUORArlTHEI-JE 00 1D,0 0.18 0.031 110.0 12.1 ~ 
81S (<'-CHI OROETHGxn r.IETHANE () 0 10.0 <1t11"'10 ,.,,.. <10/",jO100.0_!!67.4_~f~j~-K~~~b:~I~~;~~;~~~~THER ~ ..~ -~::: 611000 <10/<10
 
OIS i?·rTHYlHEXYlj PHTHALATE" 0 (, 1t1.0
 

1400.0 216115092.6 4661148.1 ,., ,..~ 1336.2 40016 2000.8 <10/<10
 
4_BR01.10PHEtlYL PHE1NL ETHER IJ 0 10.0
 

22.0 
<10/<1~ 

BUTYL BErUYL PHTHALATE 00 10.0 1900.0 <10/<10
 
2-ChLORONA,PHTHAu,rli= 00 10.0
 

1500.0 6331579.6 M0194.4 
1600.0 1000.0 5331540.7 <10/"'103334l1J:.0 t 

"'10I<lIi- 
0_18 

iCHLORPHENYL PHENYL CTII£:n 00 10.0 
12.7 'Z10/<10" 0.036 60.0 

g~~-~~~~PHTHALATE ~ 6 ~~t- 2.S 4500.0 2000~O Hi001583.3 66e9~.9 <10/<10 
DI-ll-OCTYL f-'H IHALATfo 0 (] 10.0 .:'.10/"'10 
GIBENZO(A II) ArnHRACEIJE DO 10.0 0.18 60.0 12.1 <1QI"'10
 
1 2DICHlOROEfFr-.J7FrJi" D oj 5_0
 

0,031J, _-+_~. ,.. 130Q.0 4331501 Q 140_054_4 200077,94200- +-_~OO ~ 
l'J·DICHlC'ROBENZEPJE fJ (, 5_0 ,.. 320.tI J20~ 106708.19~.:Q. 
1 ~.[lIc.:HLOROBEPjZEP1E- lJ CI 1i.0 ,.. - 21006.263368.0 260Q91190.0 63.0 ~ 

-~3 'l.Dll,HLOROBENlIDINE: 00 10.0 0.21 93T""' 70:0 
~HYl PHTHALATE 00 10.0 «000 17000.0 14612310.4 15668870."!:! 
Olr,lETI:WLPHTHAlATE 00 10.0 110QQOO 270000.0 3668(l9~9.3 90035000.0 
2A-DH-.JITROTOLUl:;~J!:: 00 10.0 1:0 'iill" 1.1 11331.1 -------m:i 
26-01r-.JI1R010LUENE 00 10.0 
1 ? DIPHENVLHYDRAZlrJE 00 10.0 • 2.Q tI.36 666.9 120.0 
~OI3ANTHEt~E 00 10.0 2.2 140_0 130.0 46684,6 43340.2 
FLUORENE 00 10_0 0.3 15300.0 HOOQ 11111303.7 368809.3 

o:gI1EXACHLOROBl:;NLENE 00 10.0 1.9 0.0029 0.tlQ28 ,.. 333,1I 
~XACHlOROBUTADIENE 0 U 10.0 5.0 180.0 4.4 

------o:ii7 
1487.2 

!fliOMCHLOROCYClO PEPJTADIENE O.U 150.0 • 1100.0 ~ 
6OOiJ.3 

1::1336.15150.0 366809.3 1667:1.1 
IHEXACHLOROETHAr~E: 00 10.0 0.15 33.0 14.Q 11t1lM.3 4688.15 
1J:~OEtKJ(1,2 3-CDjr'YREtIE 00 10.0 - 0.111 0.Q36 6ii:ll ~ 
[:S,-",PHORONE 0 0 10.0 • llSOQ 3110_0 32012~~4 11&712.0 
tNAPHTHALEr~E 00 10.0 • 
pjnR08E~JZENE u (} 10.tI 10.0 690.0 H.Q 2300894 5568.9

-'167rJ_NITROSODI·IJ·f'Rr)PYlAMINE <lO HI.O " 15.1 0.01l0 1100.1 

100o.!9 _ --I-- 2.3{~:~:i~~~;~~II:f:·~Et~~YL~:;;~~ - ~ ~ ~~:~ : ~~:~ °303~:8 200076 I 1'004.3 

~TIII1ErlE ~t; ~~:~ ~:; 4QOQ.0 8JQ.0 ± 13338_15,!.9 j ~714.~ 
r,--:Z 4_ TRICHlC!_ROBErJZENE .0 U 10,0 - . • _ - _ . _ 10O:.~ll.0 70.0 23342.4_ ~671.2_ 23342.4 

8. Columns 7·8, and 12-14 are the effluent concentro!ltlons allowable to pr&venl exceedence 01 water qUo!lllty criteria 
b. Potential to exceed criteria exists if the- measured quantity in column 15 exceeds, or could e-xceed, the calculated allowable concentrations In columns 7-8. and 12-14 
c Additional testing IS required If the detection level used In the scem is higher than the state ROL and/or the MOL of lhe app~oved EPA scan method 21nd Industry IS k:nown 

to h~ve that pollutant 
d All backgrcund concentralions tor these volatile organic, a.cid-exlractable. and baBe-neutral compoundB a~e assumed zero in the absence of supporting monitoring data 
e Other metals for whlCh dele were provided on the application are evaluated on the Metals & Toxics spreadsheet 
1 Reasonable potential not demcns1raled In some cases the MDLs are not sufficient to identify potential water quality problems 
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WATER QUALITY BASED CALCULATIONS FOR METALS AND OTHER TOXIC SUBSTANCES 
OUTFALL 00"1 

FACILITY: ML_ STILES STP 
PERMIT#: TNOO20711 

Stream W3'!'t.:! SlreamTtl Su"pSUfi!"m Hardn"'''s 
(7010 (a5 CaC03 AII\Jc3{,On 

MGOj 
(30Q51 Flow Solids 
rMGOj MGD mn %m" 

7170.500 89,900 135 192 50 

Permit1 2 3 4 5 6 7 a 
FIsh & AQuatic LIfe Waler Qualltv Crltena '1Q10) Renewal 

Bckgrnd 

Stream FIsh/Aqua Life Effluent 

Calc Effluent Concentration ApplicationWater Quality Crlts" .. Fraction In-Str..am Allowatll"" 
ChronIC ChronIC Acut.. ChronICEFFLUENT Cone A<;ute D'S50lved Acute AvglMax 

CHARACTERISTIC (ugfl] [u II] [FractIon] 'W II [ug/I] u /1] '~am" " " " Cadmium ~ <05/<05 
Copper .. 

0.193 0387 3795 0.304 12A92 282.6 3217.6'273 
101_9375500 15638 24.848 0.244 64 153 15347.1 25231.9 152/28.3 

<2.0/<20Lead· 9404.6 257436.02500 5080 130.362 0132 38444 986.532 
Nickel" 94117.3 857825.2 16.2/172 
Silver w 

5000 90309 813088 0.248 364.751 3283.999 
NJA 1294.7 1.34/2024.939 NA 9.879 1.000 NA 9.879 

Zinc ~ 18 000 205321 203656 0185 1112.488 1103.462 286339.3 283977.9 367/667.. <0 2/<0 2 
Chromium III 
Mereu 0006 0770 1400 1 000 0.770 1 400 199.87 364.7 

,a, 
Chromium VI 

126452 972.116 698.081 5366.573 166116.7 1387446.163226 a 181 
5500 11.000 16.000 1000 11 000 16000 1441.6 2749.7 (al 

Cvanlde ~-~~ 23.9/3542.600 5200 22.000 1 000 5.200 22000 681.5 6076.6 

,.9 10 11 '2 " Permit 
Human Health Waler Ouaht Criteria 3005 Renewal 

In-StreOlm Crltena Calculated Effluent Concentration App\lcallon 
EFFLUENT Organ,sms DWS Avg/MaxW"1erfOrgan,sms DWS Or am"ms Water/Or0amsm s 

,Cg/ijuq/l uq/lCHARACTERISTIC uQ/I fuq/l [uQ/I uq/l 
Cadmium ~ <0.5/<0.5NA NA 50 NA NA 1602.9 
Co e,· 152/28.3NA NJA NA NA NA NA 
Lead R <2.0/<20NA 50 NA 834.9NA NA 
Nickel· 16.2/17.2
 
Sliver ~
 

4600.0 6100 1000 1532264.8 201747.6 31681.5 
1 34/2.02NA NA NA NA NA NA 

Zinc ~ 3671667NA NA NANA NA NA ..Mereu <0.2.1.::0.2 
Chromium III 

0051 0.05 2.0 15.0 14.7 664.9 
100.0 12294.3 ,a,NA NA NA NA 

Chromium VI NA NA 100.0 NA 31515.0NA 'a) 
Cyanide ~w~ 1400 1400 2000 45819.1 45819.1 65826.9 239/354 
(a) Total chromium, avg/max· 5.7/9.09. Denotes metals for which FIStl & AquallC Life Crrterra are expressed as a function oftolal hardness.The Fish & AquatiC Life 

c.riterra for this metal are In the dissolved form clliaboratory c.ondltlon'S The In-stream allowable criteria and calculated effluent 
concenlrallons are In the total recoverable form 

"~ The chroniC crrterron for mercury IS not converted to dissolved, since H is based on fish tissue data ralher than taxI GIl\! 
.~~ The criteria for thiS parameter are In the total recoverable form 

NOTE Water Quality criteria for stream use claSSificatiOns other than Fish & Aquauc Life are based on the 30Q5 flow 
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Appendix R·7 
New NPDES Permit Limitations and Monitoring Requirements 

Maynard C. Stiles STP (TN0020711)· Outfall 001 Discharge Effluent Limitations and Monitoring Requirements 

Effluent Effluent Limitations Monitoring Requirements 
Characteristics Month~ Weekly Dai~ Mmurement Sample Sample 

Average Average Removal Average Average Maximum Minimum Removal Frequency Type Point 

Img/I) Ilb/daYI [%) [m~11 IlbldaYI Img/II 1%1 

BOD, 43.1 48,528 85 54.7 T2,846 86.1 40 Dai~ composite effluent 
Report Report Dai~ compos~e influent 

Total Suspended SolidslTSS) 52 58,547 95 78 87,820 104 40 Dai~ composite eflluent 
Report Report Daily composite influent 

Ammonia.Ni~oQfn las NI Report Report Report Month~ compos~e effluent 

Totai Nitrogen las NI Report Report Report Report Month~ composite effluent 
Report Report Report Monlh~ composite influent 

Total Phosphorus [IS PI Report Report Report Report Monlh~ composite effluent 
Report Report Report Month~ composite influent 

E. coli, cfu/100 mllal 126 487 Dai~ grab eflluenl 

Total Residual Chlorine ITRCj or Totai Residual Oxidant ITRO) Ibl 2.0 Daily grab effluent 

Settleab~ SoUds (m~1 1.0 Dai~ compos~e eflluent 

Dissolved Oxygen (mglll 1.0 Dai~ grab eflluenl 

pH (standard unitsl 9.0 6.0 Dai~ grab effluent 

lal The pennit1ee musl comp~ w~h Ihe E. col/lim~s w~hin J6 months from the penn~'s effective date. 
Ibl The TRC lim~ will be applicable ~ and when when the pennittee Installs/operates achlorination disinfection system. h TRO system is installed/operated for disinfection, the division wili reopen the perm~ 

to include an applicable TRO iim~ 
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Maynard C, Stiles STP (TN0020711j" Outfall 001 Discharge Effluent Limitations and Monitoring Requirements (Continued) 

Effluent Effluent Limitations Monitoring Requirements 
Characteristics Month~ Week~ Oal~ Menurement Sample S,mple 

Average Aver,ge Remov,1 Average Average Maximum Minimum Remov,1 Frequency Type Point 

Imgll) Ilbiday) 1%) (m~11 IIb/daYI Imglll 1"/01 

Organic Pesticide Chemicals(cl Report Report Annual~ grab ellluent 

Total Dioxin 0.000000001 0.000000001 Annual~ orab ellluent 
Total PONchlorineted Biohenvls ,PCBsl 0.00000064 0.00000064 AnnualN comoosne ellluent 
Total Chlordane 0.0000061 0.0000081 AnnuallY arab eIlIuent 
Tutal Mercury Report Report Annual~ compOlne ellluent 

Methyl Mercury Report Report Annual~ grab eIlIuent 

Benzidine Reoort Reoort AnnuallY arab ellluent 

Hexachlorobenzene Report Report Annual~ grab ellluent 

Color IPI CO UnitSl True and Apparent Report Report Week~ compOlite eIlIuent 

AculeAquatic Toxicny ·48 hourlC.ldl Report (Survival for seri,1 ,llIuent dllutionsl Annual~ grab ellluent 

OuH.1I Observ.tion, Visual lei Dai~ visual elllueni 

FlowlMGOI Report Report Report O.I~ continuous inOuent 
Report Report Report O.I~ continuous ellluent 

Sanitary Sewer Overflow., Report continuous visual NA 
Total Occurrences 10 

Dry Weather Overflows, Report continuous visual NA 
Total Occurrenceo 10 
Bypass of Trealmen~ Report continuous visual NA 
TotalOccu.ences 
Icl The permntee sh.II.lso reportthe indi~dual organic pesticide chemicals 14,4'·000; 4,l'00E; ,Idrin; endOluWan I, endOluWan II; endrin; endrin; g.mm.-8HC ILindanel; heplachlorepoxide; heptachlor; PCB',lotal, 

technical ch~rd.ne; toxaphene; DDT; and dieldrinl. 
Id) Per Section 3.4. 
lei Permittee sh.1I provide in the OMR commenlS sect~n or as an .\lachmenl.listing of ns visual ob..rvallons Including distincl~ visible m.tier andlor objectionable iDlIre,m color. 
10 Permillee .h.11 provide with ilS OMR, .Ii,tlng of sewege overflows th,t flowed into buildings. 
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TENNESSEE DEPARTMENT OF ENVIRONMENT AND CONSERVATION 

DIVISION OF WATER POLLUTION CONTROL 
401 CHURCH STREET 

L & C ANNEX 6TH FLOOR 
NASHVILLE TN 37243 

June 1, 2012 
 
Mr. Don Hudgins 
Plant Administrator 
City of Memphis Environmental Division 
e-copy: donald.hudgins@memphistn.gov 
2303 N. Second St. 
Memphis, TN 38127 
 
Subject: NPDES Permit No. TN0026361 

  Memphis-Chapel Hill S.D. STP 

  Memphis, Shelby County, Tennessee 

 
Dear Mr. Hudgins: 
 
In accordance with the provisions of the Tennessee Water Quality Control Act, Tennessee Code Annotated 
(T.C.A.), Sections 69-3-101 through 69-3-120, the Division of Water Pollution Control hereby issues the 
enclosed NPDES Permit. The continuance and/or reissuance of this NPDES Permit is contingent upon your 
meeting the conditions and requirements as stated therein. 
 
Please be advised that a petition for permit appeal may be filed, pursuant to T.C.A. Section 69-3-105, 
subsection (i), by the permit applicant or by any aggrieved person who participated in the public comment 
period or gave testimony at a formal public hearing whose appeal is based upon any of the issues that were 
provided to the commissioner in writing during the public comment period or in testimony at a formal public 
hearing on the permit application. Additionally, for those permits for which the department gives public notice 
of a draft permit, any permit applicant or aggrieved person may base a permit appeal on any material change to 
conditions in the final permit from those in the draft, unless the material change has been subject to additional 
opportunity for public comment. Any petition for permit appeal under this subsection (i) shall be filed with the 
board within thirty (30) days after public notice of the commissioner's decision to issue or deny the permit. 
 
If you have questions, please contact the Memphis Environmental Field Office at 1-888-891-TDEC; or, at this 
office, please contact Mr. Hari Akunuri at (615) 532-0650 or by E-mail at Hari.Akunuri@tn.gov.  
 
Sincerely, 

Vojin Janjić 
Manager, Permit Section 
Division of Water Pollution Control 
 
Enclosure 
 
cc: Permit Section File  

Memphis Environmental Field Office (Eddy.Bouzeid@tn.gov) 
Mr. Paul Patterson, Maynard C. Stiles Wastewater Facility, paul.patterson@memphistn.gov 
Mr. William McCrae, Plant Manager, Memphis Utilities, peter.alfonso@memphistn.gov 
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No.  TN0026361 
 

Reissuance 
Authorization to discharge under the 

National Pollutant Discharge Elimination System 
 

Issued By 
 

Tennessee Department of Environment and Conservation 

Division of Water Pollution Control 

401 Church Street 

6th Floor, L & C Annex 

Nashville, Tennessee  37243-1534 

 
Under authority of the Tennessee Water Quality Control Act of 1977 (T.C.A. 69-3-101 et seq.) and the delegation of 
authority from the United States Environmental Protection Agency under the Federal Water Pollution Control Act, as 
amended by the Clean Water Act of 1977 (33 U.S.C. 1251, et seq.) 
 

 
Discharger: Memphis-Chapel Hill S.D. STP 
 
is authorized to discharge: treated domestic wastewater from Outfall 001  
 
from a facility located: Memphis, Shelby County, Tennessee 
 
to receiving waters named: Mile 0.2 of an unnamed stream to mile 2.1 of an unnamed tributary to Crooked Creek  
at mile 3.0 
 
in accordance with effluent limitations, monitoring requirements and other conditions set forth herein. 
 
This permit shall become effective on: July 1, 2012 
 
This permit shall expire on: June 30, 2017 
 
Issuance date: May 31, 2012 

             
        for Garland P. Wiggins, Deputy Director 
        Division of Water Pollution Control 
CN-0759 RDAs 2352 and 2366 
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PART 1 
 

A. EFFLUENT LIMITATION AND MONITORING REQUIREMENTS 

 
  Discharge 001 consists of domestic wastewater from a treatment facility with a 
  design capacity of .045 MGD. Discharge 001 shall be limited and monitored by 
  the permittee as specified below. 
 
 Effluent  
 Characteristics  Effluent Limitations   Monitoring Requirements  
 
 Monthly  Weekly  Daily  
 Avg.  Avg.  Max.  
 Conc.  Conc.  Conc.  Measurement Sample Sampling 
 mg/l  mg/l  mg/l   Frequency   Type   Point 
 
 CBOD5 10  ---  20  2/month grab effluent 
 
 Ammonia, as N 5  ---  10  2/month grab effluent 
 
 Suspended 30  ---  45  2/month grab effluent 
 Solids          
 
 Total Phosphorous     Report  1/quarter grab effluent 
 
 Effluent  
 Characteristics  Effluent Limitations   Monitoring Requirements  
  Monthly Daily Daily Measurement Sample Sampling 
  Average Min. Max. Frequency Type  Point 
 
 Flow (MGD) Report --- Report 5/week instantaneous effluent 
       
        
 E. coli 126/100 ml  941/100 ml 2/month grab effluent 
  (see following paragraphs)  
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 Effluent  
 Characteristics  Effluent Limitations  Monitoring Requirements  
 
  Monthly Daily Daily Measurement Sample Sampling 
  Average Min. Max. Frequency Type  Point 
 
 Total chlorine   0.02mg/l 5/week grab effluent 
 residual   instantaneous 
 
 Settleable   1.0 ml/l 2/week grab effluent 
 solids 
 
 Dissolved  6.0 mg/l  5/week grab effluent 
 oxygen  instantaneous 
 
 pH (Standard Units)  6.0 9.0 2/week grab effluent 
 
 
 
"The acceptable methods for analysis of TRC are any methods specified in Title 40 CFR, Part 136 as amended.  The method detection level (MDL) for TRC shall not 
exceed 0.05 mg/l unless the permittee demonstrates that its MDL is higher.  The permittee shall retain the documentation that justifies the higher MDL and have it 
available for review upon request." 
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The wastewater discharge must be disinfected to the extent that viable coliform organisms are effectively 
eliminated.  The concentration of the E. coli group after disinfection shall not exceed 126 cfu per 100 ml as the 
geometric mean calculated on the actual number of samples collected and tested for E. coli within the required 
reporting period.  The permittee may collect more samples than specified as the monitoring frequency.  Samples 
may not be collected at intervals of less than 12 hours.  For the purpose of determining the geometric mean, 
individual samples having an E. coli group concentration of less than one (1) per 100 ml shall be considered as 
having a concentration of one (1) per 100 ml.  In addition, the concentration of the E. coli group in any individual 
sample shall not exceed a specified maximum amount.  A maximum daily limit of 487 colonies per 100 ml 
applies to lakes and exceptional Tennessee waters.  A maximum daily limit of 941 colonies per 100 ml applies to 
all other recreational waters. 

There shall be no distinctly visible floating scum, oil or other matter contained in the wastewater discharge. 

The wastewater discharge must result in no other materials in concentrations sufficient to be hazardous or 
otherwise detrimental to humans, livestock, wildlife, plant life, or fish and aquatic life in the receiving stream. 

Sludge or any other material removed by any treatment works must be disposed of in a manner which prevents its 
entrance into or pollution of any surface or subsurface waters. 

The wastewater discharge must not cause an objectionable color contrast in the receiving stream. 

B. MONITORING PROCEDURES 

1. Representative Sampling 

Samples and measurements taken in compliance with the monitoring requirements specified above shall be 
representative of the volume and nature of the monitored discharge, and shall be taken at the following 
location(s): 

nearest accessible point after final treatment but prior to actual discharge to or mixing with the receiving waters. 

2. Test Procedures 

a. Test procedures for the analysis of pollutants shall conform to regulations published pursuant to Section 304 
(h) of the Clean Water Act, as amended, under which such procedures may be required. 

b. Unless otherwise noted in the permit, all pollutant parameters shall be determined according to methods 
prescribed in Title 40, CFR, Part 136, as amended, promulgated pursuant to Section 304 (h) of the Act.  

3. Sampling Frequency 

a. Where the permit requires sampling and monitoring of a particular effluent characteristic(s) at a frequency of 
less than once per day or daily, the permittee is precluded from marking the “No Discharge” block on the 
Discharge Monitoring Report if there has been any discharge from that particular outfall during the period 
which coincides with the required monitoring frequency; i.e. if the required monitoring frequency is once per 
month or 1/month, the monitoring period is one month, and if the discharge occurs during only one day in 
that period then the permittee must sample on that day and report the results of analyses accordingly. 
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4. Recording of Results 

For each measurement or sample taken pursuant to the requirements of this permit, the permittee shall record the 
following information: 

a. The exact place, date, and time of sampling; 

b. The exact person(s) collecting samples; 

c. The dates and times the analyses were performed; 

d. The person(s) or laboratory who performed the analyses; 

e. The analytical techniques or methods used, and; 

f. The results of all required analyses.  

5. Records Retention 

All records and information resulting from the monitoring activities required by this permit including all records 
of analyses performed and calibration and maintenance of instrumentation shall be retained for a minimum of 
three (3) years, or longer if requested by the Division of Water Pollution Control. 

C. DEFINITIONS 

The "instantaneous concentration" is a limitation on the concentration, in milligrams per liter, of any pollutant 
contained in the wastewater discharge determined from a grab sample taken of the discharge at any point in time. 

The "daily maximum concentration" is a limitation on the average concentration, in milligrams per liter, of the 
discharge during any calendar day. 

The "monthly average concentration" is the arithmetic mean of all samples collected in a one-month period.  If 
only one sample is required per month, the permittee is required to report compliance against the monthly 
average limit other than E coli. 

For the purpose of this permit a "calendar day" is defined as any 24-hour period. 

D. REPORTING 

1.   Monitoring Results 

Monitoring results shall be recorded monthly and submitted monthly using Monthly Operation Report Forms 
(MOR) supplied by the Division of Water Pollution Control.  Submittals shall be postmarked no later than 15 
days after the completion of the reporting period.  A copy should be retained for the permittee's files. Monthly 
Operation Reports and any communication regarding compliance with the conditions of this permit must be sent 
to: 
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Attention: Division of Water Pollution Control  

Memphis Environmental Field Office 

8383 Wolf Lake Drive 

Memphis, TN 38133 
 

The first MOR is due on the 15th of the month following permit effectiveness. 
 

Monthly Operation Report must be signed and certified by a responsible corporate officer, as defined at 40 CFR 
122.22, or a general partner or proprietor, or a principal municipal executive officer or ranking elected officer, or 
a duly authorized representative.  Such authorization must be submitted in writing and must explain the duties 
and responsibilities of the authorized representative. 

2.   Additional Monitoring by Permittee 

If the permittee monitors any pollutant at the location(s) designated herein more frequently than required by this 
permit, using approved analytical methods as specified above, the results of such monitoring shall be included in 
the calculation and reporting of the values required in the Monthly Operation Report Form (MOR).  Such 
increased frequency shall also be indicated. The Permittee is also required to perform and report influent and 
operation tests in accordance with the schedule listed on the Monthly Operation Report/Schedule for Analysis for 
Package Sewage Treatment Facilities or as developed by the design engineer. 

3.   Falsifying Reports 

Knowingly making any false statement on any report required by this permit may result in the imposition of 
criminal penalties as provided for in Section 309 of the Federal Water Pollution Control Act, as amended, and in 
Section 69-3-115 of the Tennessee Water Quality Control Act. 

E. SCHEDULE OF COMPLIANCE 

Full operational level shall be attained from the effective date of this permit. 

PART II 

A. GENERAL PROVISIONS 

1. Duty to Reapply 

The permittee is not authorized to discharge after the expiration date of this permit.  In order to receive 
authorization to discharge beyond the expiration date, the permittee shall submit such information and forms as 
are required to the Director of Water Pollution Control (the "Director") no later than 180 days prior to the 
expiration date. 

2. Right of Entry 

The permittee shall allow the Director, the Regional Administrator of the U.S. Environmental Protection Agency, 
or their authorized representatives, upon the presentation of credentials: 

a. To enter upon the permittee's premises where an effluent source is located or where records are required 
to be kept under the terms and conditions of this permit, and at reasonable times to copy these records; 

b. To inspect at reasonable times any monitoring equipment or method or any collection, treatment, 
pollution management, or discharge facilities required under this permit; and 
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c. To sample at reasonable times any discharge of pollutants. 

3. Availability of Reports 

Except for data determined to be confidential under Section 308 of the Federal Water Pollution Control Act, as 
amended, all reports prepared in accordance with the terms of this permit shall be available for public inspection 
at the offices of the Division of Water Pollution Control.  As required by the Federal Act, effluent data shall not 
be considered confidential. 

4. Proper Operation and Maintenance 

a. The permittee shall at all times properly operate and maintain all facilities and systems (and related 
appurtenances) for collection and treatment which are installed or used by the permittee to achieve 
compliance with the terms and conditions of this permit.  Proper operation and maintenance also includes 
adequate laboratory and process controls and appropriate quality assurance procedures.  This provision 
requires the operation of backup or auxiliary facilities or similar systems which are installed by a 
permittee only when the operation is necessary to achieve compliance with the conditions of the permit.  
Backup continuous pH and flow monitoring equipment are not required. 

b. Dilution water shall not be added to comply with effluent requirements to achieve BCT, BPT, BAT 
and/or other technology based effluent limitations such as those in State of Tennessee Rule 1200-4-5-.03. 

5. Treatment Facility Failure (Industrial Sources) 

The permittee, in order to maintain compliance with this permit, shall control production, all discharges or both, 
upon reduction, loss, or failure of the treatment facility, until the facility is restored or an alternative method of 
treatment is provided.  This requirement applies in such situations as the reduction, loss, or failure of the primary 
source of power. 

6. Property Rights 

The issuance of this permit does not convey any property rights in either real or personal property, or any 
exclusive privileges, nor does it authorize any injury to private property or any invasion of personal rights, nor 
any infringement of Federal, State, or local laws or regulations. 

7. Severability 

The provisions of this permit are severable.  If any provision of this permit due to any circumstance, is held 
invalid, then the application of such provision to other circumstances and to the remainder of this permit shall not 
be affected thereby. 

8. Other Information 

If the permittee becomes aware that he failed to submit any relevant facts in a permit application, or submitted 
incorrect information in a permit application or in any report to the Director, then he shall promptly submit such 
facts or information. 
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B. CHANGES  AFFECTING  THE  PERMIT 

1. Planned Changes 

The permittee shall give notice to the Director as soon as possible of any planned physical alterations or additions 
to the permitted facility.  Notice is required only when: 

a. The alteration or addition to a permitted facility may meet one of the criteria for determining whether a 
facility is a new source in 40 CFR 122.29(b); or 

b. The alteration or addition could significantly change the nature or increase the quantity of pollutants 
discharged.  This notification applies to pollutants which are subject neither to effluent limitations in the 
permit, nor to notification requirements under 40 CFR 122.42(a)(1). 

2. Permit Modification, Revocation, or Termination 

a. This permit may be modified, revoked and reissued, or terminated for cause as described in 40 CFR 
122.62 and 122.64, Federal Register, Volume 49, No. 188 (Wednesday, September 26, 1984), as 
amended. 

b. The permittee shall furnish to the Director, within a reasonable time, any information which the Director 
may request to determine whether cause exists for modifying, revoking and reissuing, or terminating this 
permit, or to determine compliance with this permit.  The permittee shall also furnish to the Director, 
upon request, copies of records required to be kept by this permit. 

c. If any applicable effluent standard or prohibition (including any schedule of compliance specified in such 
effluent standard or prohibition) is established for any toxic pollutant under Section 307(a) of the Federal 
Water Pollution Control Act, as amended, the Director shall modify or revoke and reissue the permit to 
conform to the prohibition or to the effluent standard, providing that the effluent standard is more 
stringent than the limitation in the permit on the toxic pollutant.  The permittee shall comply with these 
effluent standards or prohibitions within the time provided in the regulations that establish these 
standards or prohibitions, even if the permit has not yet been modified or revoked and reissued to 
incorporate the requirement. 

d. The filing of a request by the permittee for a modification, revocation, reissuance, termination, or 
notification of planned changes or anticipated noncompliance does not halt any permit condition. 

3. Change of Ownership 

This permit may be transferred to another party (provided there are neither modifications to the facility or its 
operations, nor any other changes which might affect the permit limits and conditions contained in the permit) by 
the permittee if: 

a. The permittee notifies the Director of the proposed transfer at least 30 days in advance of the proposed 
transfer date; 

b. The notice includes a written agreement between the existing and new permittees containing a specified 
date for transfer of permit responsibility, coverage, and liability between them; and 
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c. The Director, within 30 days, does not notify the current permittee and the new permittee of his intent to 
modify, revoke or reissue, or terminate the permit and to require that a new application be filed rather 
than agreeing to the transfer of the permit. 

 Pursuant to the requirements of 40 CFR 122.61, concerning transfer of ownership, the permittee must 
provide the following information to the division in their formal notice of intent to transfer ownership: 1) 
the NPDES permit number of the subject permit; 2) the effective date of the proposed transfer; 3) the 
name and address of the transferor; 4) the name and address of the transferee; 5) the names of the 
responsible parties for both the transferor and transferee; 6) a statement that the transferee assumes 
responsibility for the subject NPDES permit; 7) a statement that the transferor relinquishes responsibility 
for the subject NPDES permit; 8) the signatures of the responsible parties for both the transferor and 
transferee pursuant to the requirements of 40 CFR 122.22(a), “Signatories to permit applications”; and, 
9) a statement regarding any proposed modifications to the facility, its operations, or any other changes 
which might affect the permit limits and conditions contained in the permit. 

4. Change of Mailing Address 

The permittee shall promptly provide to the Director written notice of any change of mailing address.  In the 
absence of such notice the original address of the permittee will be assumed to be correct. 

C. NONCOMPLIANCE 

1. Effect of Noncompliance 

All discharges shall be consistent with the terms and conditions of this permit.  Any permit noncompliance 
constitutes a violation of applicable State and Federal laws and is grounds for enforcement action, permit 
termination, permit modification, or denial of permit reissuance. 

2. Reporting of Noncompliance 

a. 24-Hour Reporting 

In the case of any noncompliance which could cause a threat to public drinking supplies, or any other discharge 
which could constitute a threat to human health or the environment, the required notice of non-compliance shall 
be provided to the Division of Water Pollution Control in the appropriate Environmental Field Office within 24 
hours from the time the permittee becomes aware of the circumstances.  (The Environmental Field Office should 
be contacted for names and phone numbers of environmental response team.) 

A written submission must be provided within five days of the time the permittee becomes aware of the 
circumstances unless the Director on a case-by-case basis waives this requirement.  The permittee shall provide 
the Director with the following information: 

i. A description of the discharge and cause of noncompliance; 

ii. The period of noncompliance, including exact dates and times or, if not corrected, the anticipated time 
the noncompliance is expected to continue; and 

iii. The steps being taken to reduce, eliminate, and prevent recurrence of the noncomplying discharge. 
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b. Scheduled Reporting 

For instances of noncompliance which are not reported under subparagraph 2.a. above, the permittee shall report 
the noncompliance on the Monthly operation report.  The report shall contain all information concerning the 
steps taken, or planned, to reduce, eliminate, and prevent recurrence of the violation and the anticipated time the 
violation is expected to continue. 

3.  Overflow 

a. "Overflow" means the discharge to land or water of wastes from any portion of the collection, 
transmission, or treatment system other than through permitted outfalls 

b. Overflows are prohibited. 

c. The permittee shall operate the collection system so as to avoid overflows.  No new or additional flows 
shall be added upstream of any point in the collection system, which experiences chronic overflows 
(greater than 5 events per year) or would otherwise overload any portion of the system. 

d. Unless there is specific enforcement action to the contrary, the permittee is relieved of this requirement 
after: 1) an authorized representative of the Commissioner of the Department of Environment and 
Conservation has approved an engineering report and construction plans and specifications prepared in 
accordance with accepted engineering practices for correction of the problem; 2) the correction work is 
underway; and 3) the cumulative, peak-design, flows potentially added from new connections and line 
extensions upstream of any chronic bypass point are less than or proportional to the amount of inflow and 
infiltration removal documented upstream of that point.  The inflow and infiltration reduction must be 
measured by the permittee using practices that are customary in the flow measurement industry and 
reported in an attachment to a Monthly Operating Report submitted to the local TDEC Environmental 
Field Office.  The data measurement period shall be sufficient to account for seasonal rainfall patterns 
and seasonal groundwater table elevations. 

e. In the event that more than 5 overflows have occurred from a single point in the collection system for 
reasons that may not warrant the self-imposed moratorium or completion of the actions identified in this 
paragraph, the permittee may request a meeting with the Division of Water Pollution Control EFO staff 
to petition for a waiver based on mitigating evidence. 

4.  Upset 

a. "Upset" means an exceptional incident in which there is unintentional and temporary noncompliance 
with technology-based effluent limitations because of factors beyond the reasonable control of the 
permittee.  An upset does not include noncompliance to the extent caused by operational error, 
improperly designed treatment facilities, inadequate treatment facilities, lack of preventive maintenance, 
or careless or improper operation. 

b. An upset shall constitute an affirmative defense to an action brought for noncompliance with such 
technology-based permit effluent limitations if the permittee demonstrates, through properly signed, 
contemporaneous operating logs, or other relevant evidence that: 

i. An upset occurred and that the permittee can identify the cause(s) of the upset; 
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ii. The permitted facility was at the time being operated in a prudent and workman-like manner and in 
compliance with proper operation and maintenance procedures; 

iii. The permittee submitted information required under "Reporting of Noncompliance" within 24 hours of 
becoming aware of the upset (if this information is provided orally, a written submission must be 
provided within five days); and 

iv. The permittee complied with any remedial measures required under "Adverse Impact." 

5.  Adverse Impact 

The permittee shall take all reasonable steps to minimize any adverse impact to the waters of Tennessee resulting 
from noncompliance with this permit, including such accelerated or additional monitoring as necessary to 
determine the nature and impact of the noncomplying discharge.  It shall not be a defense for the permittee in an 
enforcement action that it would have been necessary to halt or reduce the permitted activity in order to maintain 
compliance with the conditions of this permit. 

6.  Bypass 

a. "Bypass" is the intentional diversion of wastewater away from any portion of a treatment facility.  
"Severe property damage" means substantial physical damage to property, damage to the treatment 
facilities which would cause them to become inoperable, or substantial and permanent loss of natural 
resources which can reasonably be expected to occur in the absence of a bypass.  Severe property damage 
does not mean economic loss caused by delays in production. 

b. Bypasses are prohibited unless all of the following three (3) conditions are met: 

i. The bypass is unavoidable to prevent loss of life, personal injury, or severe property damage; 

ii. There are not feasible alternatives to bypass, such as the construction and use of auxiliary treatment 
facilities, retention of untreated wastes, or maintenance during normal periods of equipment downtime.  
This condition is not satisfied if adequate back-up equipment should have been installed in the exercise 
of reasonable engineering judgment to prevent a bypass which occurred during normal periods of 
equipment down-time or preventative maintenance; 

iii. The permittee submits notice of an unanticipated bypass to the Division of Water Pollution Control in the 
appropriate Environmental Field Office within 24 hours of becoming aware of the bypass (if this 
information is provided orally, a written submission must be provided within five days).  When the need 
for the bypass is foreseeable, prior notification shall be submitted to the Director, if possible, at least ten 
(10) days before the date of the bypass. 

c. Bypasses not exceeding permit limitations are allowed only if the bypass is necessary for essential 
maintenance to assure efficient operation.  All other bypasses are prohibited.  Allowable bypasses not 
exceeding limitations are not subject to the reporting requirements of  6.b.iii, above. 
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7.  Washout 

a. For domestic wastewater plants only, a "washout" shall be defined as loss of Mixed Liquor Suspended 
Solids (MLSS) of 30.00% or more.  This refers to the MLSS in the aeration basin(s) only.  This does not 
include MLSS decrease due to solids wasting to the sludge disposal system.  A washout can be caused by 
improper operation or from peak flows due to infiltration and inflow. 

b. A washout is prohibited.  If a washout occurs the permittee must report the incident to the Division of 
Water Pollution Control in the appropriate Environmental Field Office within 24 hours by telephone.  A 
written submission must be provided within five days.  The washout must be noted on the Monthly 
operation report.  Each day of a washout is a separate violation. 

D.     LIABILITIES 

1.  Civil and Criminal Liability 

Except as provided in permit conditions or "Bypass," “Overflow,” "Upset," "Diversion," and "Treatment 

Facility Failures," nothing in this permit shall be construed to relieve the permittee from civil or criminal 
penalties for noncompliance.  Notwithstanding this permit, the permittee shall remain liable for any damages 
sustained by the State of Tennessee, including but not limited to fish kills and losses of aquatic life and/or 
wildlife, as a result of the discharge of wastewater to any surface or subsurface waters.  Additionally, 
notwithstanding this Permit, it shall be the responsibility of the permittee to conduct its wastewater treatment 
and/or discharge activities in a manner such that public or private nuisances or health hazards will not be created. 

2.  Liability Under State Law 

Nothing in this permit shall be construed to preclude the institution of any legal action or relieve the permittee 
from any responsibilities, liabilities, or penalties established pursuant to any applicable State law or the Federal 
Water Pollution Control Act, as amended. 

PART III 

OTHER REQUIREMENTS 

A. CERTIFIED OPERATOR   

The waste treatment facilities shall be operated under the supervision of a certified operator in accordance with 
the Water Environmental Health Act of 1984. 

B. PLACEMENT OF SIGNS 

The permittee shall place and maintain a sign at each outfall.  The sign(s) should be clearly visible to the public 
from the bank and the receiving stream. The minimum sign size should be two feet by two feet (2' x 2') with one 
inch (1") letters.  The sign should be made of durable material and have a white background with black letters. 

The sign(s) are to provide notice to the public as to the nature of the discharge and in the case of the permitted 
outfalls, that the discharge is regulated by the Tennessee Department of Environment and Conservation, Division 
of Water Pollution Control.  The following is given as an example of the minimal amount of information that 
must be included on the sign: 

NPDES permitted domestic outfall: 

EPA-HQ-2019-004783   001430



TN0026361, Page 15 
 

 

TREATED DOMESTIC WASTEWATER 
(PERMITTEE'S NAME) 

(PERMITTEE'S PHONE NUMBER) 
NATIONAL POLLUTANT DISCHARGE ELIMINATION 

 SYSTEM PERMIT #  ___________ 
TENNESSEE DIVISION OF WATER POLLUTION CONTROL 

Memphis Environmental Field Office 
PHONE NUMBER : 1-888-891-8332 

C. ADDITION OF WASTE LOADS 

The permittee may not add wasteloads to the existing treatment system without the knowledge and approval of 
the division. 

D. SLUDGE MANAGEMENT PRACTICES   

The permittee must comply with the provisions of 40 CFR Part 503. If the sludge is transported to another POTW 
for disposal, the permittee shall note on the monthly operation report the amount of sludge wasted in gallons, % 
solids of sludge wasted and the name of the facility to which the sludge was taken. 

E. ANTIDEGRADATION 

 
Pursuant to the Rules of the Tennessee Department of Environment and Conservation, Chapter 1200-4-3-.06, 
titled “Tennessee Antidegradation Statement,”  which prohibits the degradation of high quality surface waters 
and the increased discharges of substances that cause or contribute to impairment, the permittee shall further be 
required, pursuant to the terms and conditions of this permit, to comply with the effluent limitations and 
schedules of compliance required to implement applicable water quality standards, to comply with a State Water 
Quality Plan or other state or federal laws or regulations, or where practicable, to comply with a standard 
permitting no discharge of pollutants. 
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RATIONALE SHEET 
 

NPDES PERMIT No. TN0026361 
 

Permit Writer: HVA 
 

September 2011 
 
I. DISCHARGER 
 

 NAME:  Memphis-Chapel Hill S.D. STP 
 REPRESENTATIVE:  Mr. Peter Alfonso 

LOCATION: Memphis, COUNTY: Shelby, PHONE NUMBER: 901- 789-0510  
 WASTEWATER:  
 Discharge number: 001             type: Domestic 
 WATERSHED: Loosahatchie  HUC: 8010209 
 Average design flow:  .045 MGD 
 PRESENT TREATMENT: Extended aeration 
 STATUS: Reissuance 
 

II. RECEIVING WATERS 
 

STREAM: Mile 0.2 of an unnamed stream to mile 2.1 of an unnamed tributary to Crooked Creek  at mile 3.0 
 CLASSIFICATION:  Fish and aquatic life, recreation, irrigation, livestock watering and wildlife uses. 
 LOW FLOW:   7Q10=  Zero CFS 
 ESTABLISHED FROM:  BPJ estimation based on limited drainage area. 

WATER QUALITY STATUS: According to the division’s most recent assessment of water quality, the 
Mile 0.2 of an unnamed stream to mile 2.1 of an unnamed tributary to Crooked Creek  at mile 3.0 is 
considered partially supportive of its designated use classifications. 
TIER DESIGNATION: Unavailable/Available Conditions Waters. 

 
III. PREVIOUS PERMIT 
 

 ISSUANCE:   29-JUN-07 
 EXPIRATION: 29-JUN-12 
 

 

PARAMETERS 

MONTHLY AVERAGE 

CONCENTRATION 

(MG/L) 

MAXIMUM 

CONCENTRATION (MG/L) 

CBOD5  10 20 
NH3-N  5 10 
Total Suspended Solids 30 45 
Dissolved Oxygen 6.0 (daily minimum)  
Total Chlorine Residual  0.02 (daily maximum) 
E. coli 126 941 
Settleable Solids (ml/l)  1.0 (daily maximum) 
pH (standard units) 6.0-9.0  
Flow (MGD):   

Effluent Report Report 
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IV. PROPOSED EFFLUENT LIMITS & RATIONALE 
 

A. The conditions under which this permit was issued 29-JUN-07 have not changed except for the total 
phosphorus (See section VI) The permit will be reissued for five years with existing conditions. 

 
B. TEST METHOD FOR E. COLI 

 
Disinfection of wastewater is required to protect the receiving stream from pathogenic microorganisms.  E. Coli 
are indicator organisms used as a measure of bacteriological health of a receiving stream and the effectiveness of 
disinfection. 
 
As of September 30, 2004, the criterion for fecal coliform has been removed from the State’s Water Quality 
Standards.  Thus, the division imposes an E. coli limit on discharges of treated sewage for the protection of 
recreational use of the stream in lieu of the fecal coliform limit. 
 
Unless otherwise noted in the permit, all pollutant parameters shall be determined according to methods prescribed 
in Title 40, CFR, Part 136, as amended, promulgated pursuant to Section 304 (h) of the Act.  
 

V. OTHER REQUIREMENTS & CONDITIONS 
 

A. Certified Wastewater Treatment Operator 
 
The waste treatment facilities shall be operated under the supervision of a certified wastewater treatment operator 
in accordance with the Water Environmental Health Act of 1984 
 
B. The permittee is required to install a sign notifying the public of its permitted discharge point. 
 
C. PERMIT TERM 

 
This permit is being reissued for 5 years in order to coordinate its reissuance with other permits located within the 
Loosahatchie Watershed. 
 

VI ANTIDEGRADATION STATEMENT/WATER QUALITY STATUS 

 
Tennessee’s Antidegradation Statement is found in the Rules of the Tennessee Department of Environment and 
Conservation, Chapter 1200-4-3-.06. It is the purpose of Tennessee’s standards to fully protect existing uses of all 
surface waters as established under the Act. 

 
Stream determinations for this permit action are associated with the waterbody segment identified by the division 
as segment ID# TN08010209021_0600 
 
Additionally, this water partially/does not support(s) designated uses due to E. coli from MS4’s, physical substrate 
habitat alterations from channelization and Total phosphorous and dissolved oxygen from non-irrigated crop 
production.  The permit for Outfall 001 does not allow increased design flow so there is no permitted increase in 
oxygen demanding pollutants or sources of which phosphorous is a component. The phosphorus in this discharge 
has never been quantified, so quarterly (seasonal) monitoring and reporting of total phosphorous is imposed for use 
in TMDL development and/or anti degradation implementation purposes. This treated effluent is required to meet 
the State Water Quality Standard for E. coli at the end of the discharge pipe so therefore is not contributing to 
violation of the water quality standard. This permit does not authorize any physical alterations to the stream 
channel. The division, therefore, considers the potential for degradation to the receiving stream from these 
discharges to be negligible. 
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TMDLs have been developed and approved for this waterbody segment on the following parameters and dates: 

 
Parameter      TMDL Approval Date 
E. coli      July 27. 2011 

 
VII. COMPLIANCE SCHEDULE SUMMARY 

 
Section  Description 
 
  I. D 1  DMR/MOR Reports, monthly 
  III. B  Placement of Sign(s), within 60 days from the effective date of this permit 
  III. D  Sludge management practices, monthly 
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APPENDIX B 

 
Askew Hargraves Harcourt and Associates, Inc.  Clean Water State Revolving Fund Loan Application 
A2H # 12174  Facilities Plan 
  August 2012 

APP-B 

SPECIAL SEWER SERVICE AREAS  

 

 

1.  Mary’s Creek Special Sewer Service Area (Ordinance – 2 pages) 
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APPENDIX C 

 
Askew Hargraves Harcourt and Associates, Inc.  Clean Water State Revolving Fund Loan Application 
A2H # 12174  Facilities Plan 
  August 2012 

APP-B 

Memphis Code Of Ordinances No. 5356 

 

 

1.  A substitute Ordinance To Amend Chapter 33, Code Of Ordinances So As To Increase The 

Sewer Fee 
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APPENDIX D 

 
Askew Hargraves Harcourt and Associates, Inc.  Clean Water State Revolving Fund Loan Application 
A2H # 12174  Facilities Plan 
  August 2012 

APP-D 

Location Maps of Sewer Overflows. 
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SECTION 1 – SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 

 
A2H, Inc.  Clean Water State Revolving Loan Application 
A2H # 14271  Facilities Plan 
  January 2015 

1 
 

1.1 – STATEMENT OF THE PROBLEM 

 

Project :  T.E. Maxson WWTF Improvements 

The T.E. Maxson WWTF located at 2685 Steam Plant Road was constructed in the early 1970s 

and has undergone multiple improvements and upgrades since it was put into operation.  

Recent industrial growth within the southern service area of the City and the recent revisions to 

require disinfection in the NPDES permit have led the City to hire a consultant to look at the best 

options for the City to address these two requirements.  The study led to the development of a 

recommended set of process and disinfection improvements at the plant to address effluent 

quality and future treatment capacity.  In addition to the process and disinfection improvements, 

the improvements would be implemented to address on-going odor concerns.  The 

improvements include the addition of additional aeration basin and secondary clarifier capacity 

for greater plant capacity, odor control, and installation of peracetic acid (PAA) disinfection to 

meet the permit requirements, and miscellaneous piping, valves, pumps, and gates for 

connections to the existing plant.   

The project will be located within the existing boundaries of the Maxson WWTF and will not 

require any additional land acquisition or easements. The estimated cost for the WWTF 

improvements is $136 million.  Based on discussions with SRF regarding funding, the City is 

anticipating the total loan amount from SRF to be $85 M funded over multiple fiscal years with 

the City funding the remaining anticipated $51 M.   
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1.2 – SUMMARY OF THE ALTERNATIVE SOLUTIONS CONSIDERED 

Project :  T.E. Maxson WWTF Improvements 

 

Two alternatives were considered during the preliminary design of this project, as follows: 

• Alternative No. 1 – “No Action” – Do nothing to make corrections to the WWTF 

• Alternative No.  2 – Install the recommended modifications to the existing WWTF. 

 

 

 

1.3 – RECOMMENDED SOLUTION 

Project :  T.E. Maxson WWTF Improvements 

 

The recommended alternative will require the City to have construction plans prepared for this 

project. The study led to the development of a recommended set of process and disinfection 

improvements at the plant to address effluent quality and future treatment capacity.  In addition 

to the process and disinfection improvements, the improvements would be implemented to 

address on-going odor concerns.  The improvements include the addition of additional aeration 

basin and secondary clarifier capacity for greater plant capacity, odor control, and installation of 

PAA disinfection to meet the permit requirements, and miscellaneous piping, valves, pumps, 

pumps, and gates for connections to the existing plant.   
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2.1 – STUDY PURPOSE 

 

Project :  T.E. Maxson WWTF Improvements 

The T.E. Maxson WWTF located at 2685 Steam Plant Road was constructed in the early 1970s 

and has undergone multiple improvements and upgrades since it was put into operation.  

Recent industrial growth within the southern service area of the City and the recent revisions to 

require disinfection in the NPDES permit have led the City to hire a consultant to look at the best 

options for the City to address these two requirements.  The study led to the development of a 

recommended set of process and disinfection improvements at the plant to address effluent 

quality and future treatment capacity.  In addition to the process and disinfection improvements, 

the improvements would be implemented to address on-going odor concerns.  The 

improvements include the addition of additional aeration basin and secondary clarifier capacity 

for greater plant capacity, odor control, and installation of peracetic acid (PAA) disinfection to 

meet the permit requirements, and miscellaneous piping, valves, pumps, and gates for 

connections to the existing plant.   

The project will be located within the existing boundaries of the Maxson WWTF and will not 

require any additional land acquisition or easements. The estimated cost for the WWTF 

improvements is $136 million.  Based on discussions with SRF regarding funding, the City is 

anticipating the total loan amount from SRF to be $85 M funded over multiple fiscal years with 

the City funding the remaining anticipated $51 M.   
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2.2 – NEED FOR THE PROJECT 

Project :  T.E. Maxson WWTF Improvements 

The improvements include the addition of additional aeration basin and secondary clarifier 

capacity for greater plant capacity, odor control, and installation of PAA disinfection to meet the 

permit requirements, and miscellaneous piping, valves, pumps, and gates for connections to the 

existing plant.   
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3.1 – EXISTING FACILITIES AND AREAS SERVED 

 

The Memphis Sanitary Sewer System serves approximately 265,000 households.  The sewer 

lines extend throughout the entire city and throughout many populated areas of Shelby County, 

transporting the City’s sewage to each of the City’s three existing waste water treatment plants - 

the T.E. Maxson WWTF in southwest Memphis, the M.C. Stiles WWTF in northwest Memphis, 

and the Chapel Hill WWTF in northeast Shelby County.   These three plants treat an estimated 

sixty billion gallons of wastewater each year.  The Maxson and Stiles WWTFs each have 

several sludge lagoons that handle an estimated 215 million pounds of bio-sludge each year.  

Treated effluent from both the Maxson and Stiles plants is released into the Mississippi River, 

and treated effluent from the Chapel Hill plant is released into an unnamed tributary of Crooked 

Creek.   

 

3.2 – OPTIMUM PERFORMANCE AVAILABLE WITH THE EXISTING 

FACILITIES/OPERATIONAL PROBLEMS 

 

The Memphis Sanitary Sewer System is capable of treating over 225 million gallons per day, 

with capacities of each plant as follows: 

 

• Maxson plant capacity = 90 MGD (90 million gallons per day), 

• Stiles plant capacity = 135 MGD (135 million gallons per day), 

• Chapel Hill plant capacity = 0.045 MGD (45,000 gallons per day). 

 

The normal (dry weather) demand on the Memphis Sanitary Sewer System is over 145 million 

gallons per day, with normal (dry weather) demand at each plant as follows:  
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• Maxson plant demand = 70 MGD (70 million gallons per day), 

• Stiles plant demand = 75 MGD (75 million gallons per day), 

• Chapel Hill plant demand = 0.020 MGD (20,000 gallons per day). 

 

These normal (dry weather) demands are well below the capacities of each plant.   

 

 

 

Project :  T.E. Maxson WWTF Operational Problem 

The operational issues associated with the Maxson WWTF are with the recent industrial 

growth within the southern service area of the City and the recent revisions to require 

disinfection in the NPDES permit have led the City to hire a consultant to look at the 

best options for the City to address these two requirements.  The study led to the 

development of a recommended set of process and disinfection improvements at the 

plant to address effluent quality and future treatment capacity.  In addition to the 

process and disinfection improvements, the improvements would be implemented to 

address on-going odor concerns.  The improvements include the addition of additional 

aeration basin and secondary clarifier capacity for greater plant capacity, odor control, 

installation of peracetic acid (PAA) disinfection to meet the permit requirements, and 

miscellaneous piping, valves, pumps, and gates for connections to the existing plant.   

  Specific details regarding effluent limitations and monitoring requirements are available 

in the NPDES permit included in APPENDIX A at the end of this document. 
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3.3 – EXISTING COLLECTION SYSTEM 

 

The Memphis Sanitary Sewer Collection System is comprised of approximately 2,400 linear 

miles of gravity sewer mains and force mains running throughout the entire city and throughout 

many populated areas of Shelby County.  There are approximately 100 sewer lift stations at 

various locations throughout the city and county, as topography dictates.  The existing sewer 

lines are constructed of various materials, including clay, ductile iron, concrete, and plastic, and 

pipe diameters range from as small as six inches to as large as 120 inches.  The existing 

manholes are constructed with brick and mortar or concrete, or a combination of the two.   

 

3.4 – POTENTIAL FOR SERVING ADDITIONAL AREAS 

 

Because of the continued demand for new housing in Memphis annexation areas and in 

anticipation of the continued development of rural areas of Shelby County to meet this demand, 

the Memphis Sanitary Sewer System has been purposely planned and designed for expansion 

into unsewered areas.  As noted previously, the Stiles WWTF has a normal demand that is well 

below the plant’s capacity.  The existing treatment facilities and sewer interceptors have been 

designed for a “fully developed” condition of land areas that are currently considered to be rural.  

Therefore, additional sewer collection lines can be added to the existing system without the 

need for upgrade to existing equipment or treatment processes or increases in existing sewer 

interceptor lines.  

 

As mandated in the Consent Decree recently entered into by the City of Memphis, a sewer 

assessment is under way and will identify defects in the sewer system. Once the areas are 

identified, a sewer rehabilitation program will commence to take whatever corrective measures 
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are necessary to ensure that the Memphis sewer collection system is fully functional and all 

sewer overflows have been eliminated.  
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4.1 – ANALYSIS OF INFILTRATION AND INFLOW 

 

A Consent Decree agreed to by the City of Memphis requires the City to assess approximately 

10% of the sewer system per year.  The rehabilitation areas will be dependent on the 

assessment data.  The rehabilitation could include repairs to gravity lines, force mains, and 

pumping stations.  Rehabilitation will include all forms of repair dependent on the condition (i.e., 

CIPP, pipe burst, open cut, etc.).   

 

The analysis of the inflow and infiltration of the Stiles WWTP and the Maxson WWTP are as 

follows: 

 % Rain Induced %RiverStage Induced % Total 

Maxson WWTF 5.6% 6.4% 12% 

Stiles WWTF 3.7% 22.3% 26% 

 

 

4.2 – STEPS BEING TAKEN TO REDUCE EXCESSIVE INFILTRATION AND INFLOW 

In the effort to eliminate sewer system overflows and as specified in the consent decree, the 

City will implement or update the following programs: 

1) Management, Operations and Maintenance Program, which will require the development 

of the following: 

a)  Sewer Overflow Response Plan which will require timely and effective methods of 

responding to, cleaning up, and/or minimizing the impact of Sewer system overflows; 

b) Fats, Oil, and Grease Management Program which will require a re-evaluation to 

expand or modify the existing program; 

c) Lift Station and Force Main Operations and Maintenance Program which will require 

periodic service and calibration of instrumentation, inspection and service of air 

release valves, predictive and physical inspection and service of lift stations, 

assessment of force mains such as potential sulfide and corrosion control options, 

inspection of force mains such as at creek crossings; 

d) Gravity Sewer System Operations and Maintenance Program to prevent sewer 

system overflows particularly caused by fats, oils and grease, and roots and/or 

debris obstructions;  
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e) Inter-Jurisdictional Agreement Program will be implemented to renew existing 

agreements or enter into new agreements that cover the collection, conveyance, and 

treatment of sewage by Memphis from municipal satellite sewer systems, with the 

exclusion of Collierville due to the minimal collection of sewage by Memphis from 

Collierville. 

f) Continuing Sewer Assessment Program to set priorities and schedules for 

undertaking sewer assessment which may include dyed water, water flooding, 

corrosion defect identification, manhole assessment, flow monitoring, closed circuit 

television inspection, defect analysis, smoke testing, and lift station performance 

assessment; 

g) Infrastructure Rehabilitation Program which will include gravity line rehabilitation, 

manhole rehabilitation, lift station rehabilitation, and force main rehabilitation. 

2) Priority Assessment Areas will be completed as stipulated by the Consent Decree 

3) Critical Infrastructure Areas Projects will receive priority rehabilitation due to the nature 

of the infrastructure and the potential consequences of large volumes of sewer overflows 

in the event of infrastructure failure. 

The schedule of compliance with the Consent Decree is as follows: The entire system is 

planned to be assessed in 10 years. There are certain areas outlined in the Consent Decree 

that must be 100% repaired (all defects) in a certain time period after the Infrastructure 

Rehabilitation Plan (IRP) is approved by EPA.  Other rehab/repairs will be based upon the 

approved IRP on such factors as criticality, where it is located, likelihood of failure, integrity, 

etc.   
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5.1 – PLANNING PERIOD (20 YEARS) 

 

In anticipation of the growth that the Memphis area has experienced throughout the past several 

decades, City leaders have been diligent throughout that time in planning for the future 

regarding the Memphis Sanitary Sewer System.  Rather than plan for a specified number of 

future years (i.e. a planning period of 20 years), the treatment facilities and collection system 

have been designed and upgraded throughout the past several decades based on “full 

development” in areas where development was expected to occur. The “planning period” for the 

Memphis Sanitary Sewer System extends far beyond just twenty years.  

Project No. 1:  T.E. Maxson WWTF Improvements 

The T.E. Maxson WWTF has sufficient excess capacity to handle the anticipated population 

growth during the twenty year planning period. As previously discussed in chapter 3 of this 

report the Maxson WWTF is currently operating at approximately 78% of capacity. 

Implementation of the Consent Decree mandated sewer assessment and rehabilitation and the 

modifications to the treatment processes and new disinfection processes will result in the 

Maxson WWTF capable of meeting all discharge limits for the foreseeable future.  

 

5.2 – LAND USE PROJECTIONS 

 

There are no anticipated changes to the land use in the project areas of the Stiles and Maxson 

WWTF. 
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5.3 – POPULATION FORECAST 

The population forecasts for the City of Memphis during the planning period is modest 

increasing from approximately 657,000 to 667,000, or approximately 1.5% over the planning 

period. 
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6.1 “NO ACTION” ALTERNATIVE 

Project No. 1:  T.E. Maxson WWTF Improvements 

Alternative No. 1 – “No Action”   

This alternative includes the implementation of no capital improvements at the existing T.E. 

Maxson WWTF.  This alternative is not viable due to the conditions of the new NPDES permit, 

particularly in regards to the implementation of effluent disinfection, along with the City’s desire 

to ensure adequate treatment capacity at the plant to maintain the ability to process additional 

flow and continue to recruit new industries to the City of Memphis.  In addition to the upgrades 

to ensure additional treatment capacity and implement effluent disinfection, the third goal of the 

City WWTF expansion project is the implementation of additional odor control at various 

process locations throughout the plant.  The “no action” alternative will not allow any of these 

three goals to be achieved. 

 

6.2 ALTERNATIVES (OTHER THAN THE “NO ACTION” ALTERNATIVE) 

[COMPARED FOR COST-EFFECTIVENESS, ENVIRONMENTAL IMPACTS & FEASIBILITY] 

Project No. 2:  T.E. Maxson WWTF Improvements 

Alternative No. 2 – Decommission Biotowers and Expand Activated Sludge 

The second alternative for the upgrades at the plant includes the decommissioning of the 

existing biotowers as a biological treatment process.  The removal of the biotowers and their 

associated treatment capacity will require a large equivalent capacity of biological treatment to 

be implemented through upgrades to the activated sludge and secondary clarification 

processes. The alternative includes the expansion of the activated sludge process and 

additional secondary clarifier capacity, as well as the implementation of an anaerobic selector 

for more efficient treatment and control of filamentous bacteria and the promotion of beneficial 

bacteria growth.  Each of the four alternatives evaluated and discussed herein were designed to 
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produce a higher quality of effluent to allow for the efficient implementation of effluent 

disinfection.  This resulting increase in treatment allows for the successful implementation of 

disinfection, which included the evaluation of ultraviolent (UV) and peracetic acid (PAA), 

ultimately resulting in the selection of PAA to complement the selection of the same disinfection 

method at the Stiles WWTF. 

In addition, as discussed previously, this alternative allows for the decommissioning of the 

biotowers which are a known cause of odor complaints within the surrounding Industrial Park.  

The ability to adjust the treatment process, opposed to extensive odor control of the biotowers, 

allows the City to save on the long-term O&M of the addition of an odor control system. 

The improvements associated with this alternative would include:  

• Biotowers to be abandoned and media and equipment removed 

• Additional aeration tank volume to increase treatment capacity. This includes the 

addition of approximately 11.2 MG of aeration tank volume. 

• New secondary blower building and addition of blower capacity (4 – 2,500 HP blowers) 

• Addition of 4 - 135 foot secondary clarifiers 

• New RAS/WAS Pump Station (1 WAS/2 RAS pumps) 

• Addition of an anaerobic selector (both existing and future activated sludge treatment 

train) 

• New PAA disinfection system, including new contact basin, bulk storage and chemical 

feed facilities 

• Electrical improvements for new treatment process 

• Miscellaneous plant hydraulic improvements 

As shown in the attached financial analysis in Section 8 of the Facilities Plan, this option had a 

sub-alternative of either implementing conventional activated sludge or step-feed activated 

sludge, which could reduce the amount of tankage required; however, the applicability of the 
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two options will not be defined until detailed design, if this alternative were selected for 

implementation.  The conventional activated sludge upgrades were estimated at $149 million 

with the step-feed option being estimated at $143 million.   

Alternative No. 3 – Upgrade Biotowers and Addition of Intermediate Clarifiers 

The third alternative evaluated includes the retention and upgrading of the existing biotowers  

with new media, equipment and odor control system, as well as evaluation of what additional  

process modifications would be required for the downstream activated sludge process, with or  

without intermediate clarifiers, to achieve the previously defined project objectives. The  

upgraded biotowers would provide more efficient soluble BOD removal resulting in higher solids  

loading to the aeration tanks. Based on the loading, the addition of six intermediate clarifiers  

and associated pump station will be required to be added to assist in the solids reduction; and  

therefore, no additional activated sludge tankage or blower capacity is needed.  

The improvements associated with this alternative would include:  

• Biotowers to be upgraded and media and equipment replaced 

• Addition of intermediate clarifiers prior to activated sludge process (6 – 164 foot 

intermediate clarifiers) 

• New PAA disinfection system, including new contact basin, bulk storage and chemical 

feed facilities 

• Electrical improvements for new treatment  

• Miscellaneous plant hydraulic improvements 

The process improvements allow the three defined project goals to be met and has an  

estimated capital costs of $152 million.   
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Alternative No. 3A – Upgrade Biotowers, Expanded Activated Sludge and PAA Disinfection  

Improvements 

The City developed a slightly modified third alternative which we refer to as  

Alternative 3A.  This alternative is a modification to the upgrading of the existing biotowers and  

includes improvements intended to increase the biological treatment capacity of the plant for  

influent flows up to 90 million gallons per day (MGD). Increasing the biological treatment  

capacity will require upgrades to the existing biotowers, including replacement of the existing  

wood media with new synthetic media for improved treatment efficiency, construction of a new  

RAS reaeration basin to increase the aeration capacity and constructing two new secondary  

clarifiers to replace the two existing, poorly performing clarifiers. The increased treatment will  

allow for the implementation of disinfection system utilizing peracetic acid (PAA). While PAA  

disinfection has a higher life-cycle cost than the UV system considered, the capital cost required  

to make UV a viable option for disinfection makes PAA the more cost-effective alternative.  The  

implementation of PAA allows for more operational flexibility at the plant to adjust to changing  

treatment needs in the future. As previously mentioned, this alternative includes upgrades to the  

existing biotowers with new plastic module media and new distribution arms. Additionally, each  

biotower will be equipped with a ventilation system that will maximize treatment capability and  

reduce the likelihood for off-site odor impacts. This alternative also includes improvements to  

the odor control system at the plant headworks, replacement of the existing manual coarse  

screens at the head of the plant with mechanical screens and electrical improvements at the  

existing Effluent Pump Station. 

The improvements associated with this alternative include: 

• New RAS reaeration basin 

• New secondary clarifiers (2 – 135 foot clarifiers) 
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• New PAA disinfection system, including new contact basin, bulk storage and 

chemical feed facilities 

• Biotower improvements including new media and ventilation system 

• Coarse screen replacement and associated appurtenances for screens removal 

• Replacement of existing coarse bubble diffusers with fine bubble diffusers 

• Odor control for plant headworks 

• Effluent Pump Station electrical improvements 

• Electrical improvements for new treatment  

• Miscellaneous plant hydraulic improvements 

The process improvements included in this alternative allow for the treatment capacity to be 

increased to 90 MGD and have an estimated capital cost of $136 M. 

Alternative No. 4 – Chemically Enhanced Primary Treatment (CEPT), Upgrade Biotowers and  

Expanded Activated Sludge 

The fourth alternative that was evaluated was the addition of Chemically Enhanced Primary 

Treatment (CEPT) to assist with the efficiency of the primary clarifiers, upgrade of the media  

and odor control of the existing biotowers, addition of aeration tank volume for activated 

sludge treatment, addition of a new RAS/WAS pump station and new secondary clarifiers.  Due  

to the fact that the addition of CEPT does not allow for the removal of the biotowers or the lack  

of the required addition of aeration tank volume, the capital cost and annual operations and  

maintenance of this proposed alternative is the highest with cost of $153 million.   

Based on the overall cost, this alternative was eliminated from consideration by the City. 
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6.3 – CHOSEN ALTERNATIVE 

Selected Alternative 

The City felt that Alternatives 2, 3 and 3A were all viable options to meet the stated goals of the 

wastewater treatment system expansion and implementation of the newly required effluent 

disinfection.  Ultimately, the fact that Alternate 3A provides an additional level of increase of the 

treatment capacity of the plant compared to the other alternatives was a huge cost-benefit to the 

alternative. In addition, the alternative will upgrade and continue to utilize the existing biotowers 

which allows for the upgraded treatment process to remain similar in operations to the existing 

plant.  These clear differentiators led to the selection of Alternative 3A as the selected final 

upgrade choice.   

This alternative addresses the anticipated causes of off-site odor concerns and implements 

disinfection via PAA, which ensures the City will implement the same disinfection method at 

both of their WWTFs (same as the Stiles WWTF).  The use of PAA, as the selected disinfectant, 

also reduces the power demands that were required with the potential implementation of UV.  

The final selection took the potential electrical savings into account. 

In addition to the disinfection selection, Alternative 3A also includes the replacement of the 

existing course bubble diffusers within the existing aeration basins with fine bubble diffusers 

which will save the plant a significant amount of existing power consumption.  By replacing the 

diffusers in the basins, the selected alternative requires no increase in the amount of blower 

capacity required at the plant, even with the additional air requirements for the new re-aeration 

tank. 

This selected project is to be implemented entirely with the existing Maxson WWTF site and will 

not require any additional easements or land acquisition for construction. The estimated cost for 

the WWTF improvements is $136 million.  Based on discussions with SRF regarding funding, 
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the City is anticipating the total loan amount from SRF to be $85 M funded over multiple fiscal 

years with the City funding the remaining anticipated $51 M.   

 

Alternative

 Alt 3 - 

Biotowers & 

Intermediate 

Clarifiers 

 Alt 3A - 

Biotowers & 

RAS 

Reaeration 

 Alt 4 - CEPT, 

Biotowers, AS 

Option

 Conventional 

AS 
 Step Feed AS 

 Conventional 

AS 

 Conventional 

AS 

 Conventional 

AS 

CONSTRUCTION COST

Liquid Process Construction 

Site/Civil Work 12,000,000$      12,000,000$     10,000,000$     10,000,000$     12,000,000$     

Disinfection 8,000,000$       8,000,000$      8,000,000$       8,000,000$       8,000,000$       

10,000,000$      10,000,000$     6,000,000$       6,000,000$       10,000,000$     

Liquids Process Improvements

Aeration Basins 14,500,000$      10,000,000$     -$                -$                12,000,000$     

-$                 -$                5,000,000$       5,000,000$       -$                

-$                 -$                20,000,000$     20,000,000$     -$                

RAS/WAS Pump Station 2,000,000$       2,000,000$      -$                -$                2,000,000$       

Blower/Electrical Building 7,000,000$       7,000,000$      -$                -$                7,000,000$       

Anaerobic Selector 9,000,000$       9,000,000$      -$                -$                9,000,000$       

Secondary Clarifiers 7,000,000$       7,000,000$      4,500,000$       4,500,000$       7,000,000$       

Intermediate Clarifiers -$                 -$                17,000,000$     -$                -$                

RAS Reaeration Basin -$                 -$                -$                8,000,000$       -$                

CEPT Facilities -$                 -$                -$                -$                4,000,000$       

5,500,000$       5,500,000$      5,500,000$       5,500,000$       5,500,000$       

5,000,000$       5,000,000$      5,000,000$       5,000,000$       5,000,000$       

Effluent PS Electrical 

Improvements 250,000$          250,000$         250,000$         250,000$         250,000$         

12,000,000$      12,000,000$     12,000,000$     12,000,000$     12,000,000$     

Total Direct Cost 92,250,000$      87,750,000$     93,250,000$     84,250,000$     93,750,000$     

Construction Contingency & 

Escalation
18.0%

108,855,000$    103,545,000$   110,035,000$   99,415,000$     110,625,000$   

Contractor GC Field General 

Conditions
10.0%

119,740,500$    113,899,500$   121,038,500$   109,356,500$   121,687,500$   

Contractor GC Indirects, Overhead 

& Profit
12.5%

134,708,063$    128,136,938$   136,168,313$   123,026,063$   136,898,438$   

Contractor Bonds and Insurance 2.0% 137,402,224$    130,699,676$   138,891,679$   125,486,584$   139,636,406$   

TOTAL CONSTRUCTION COST 137,000,000$    131,000,000$   139,000,000$   125,000,000$   140,000,000$   

Design, Preconstruction and 

Construction Services
9%

12,330,000$      11,790,000$     12,510,000$     11,250,000$     12,600,000$     

TOTAL CAPITAL COST 149,000,000$    143,000,000$   152,000,000$   136,000,000$   153,000,000$   

SRF Funded (Anticpated) 85,000,000$      85,000,000$     85,000,000$     85,000,000$     85,000,000$     

City Funded 64,000,000$      58,000,000$     67,000,000$     51,000,000$     68,000,000$     

Headworks Odor Control Upgrades

Plant-Wide Electrical and Instrumentation 

Aeration Basin Diffuser Replacement

Alt 2 - Expanded AS

March 16, 2016

T.E. Maxson WWTP

Process Alternative Evaluation and Upgrades

Cost Summary

Plant Hydraulics Improvements w/ Bypass 

Biotower Media and Distibution Arm 

Course Screen Replacement w/ Bypass 
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7.1 – DETAILED DESCRIPTION OF CHOSEN ALTERNATIVE  

 

Project No. 1:  T.E. Maxson WWTF Improvements 

The T.E. Maxson WWTF located at 2685 Steam Plant Road was constructed in the early 1970s 

and has undergone multiple improvements and upgrades since it was put into operation.  

Recent industrial growth within the southern service area of the City and the recent revisions to 

require disinfection in the NPDES permit have led the City to hire a consultant to look at the best 

options for the City to address these two requirements.  The study led to the development of a 

recommended set of process and disinfection improvements at the plant to address effluent 

quality and future treatment capacity.  In addition to the process and disinfection improvements, 

the improvements would be implemented to address on-going odor concerns.  The 

improvements include the addition of additional aeration basin and secondary clarifier capacity 

for greater plant capacity, odor control, and installation of peracetic acid (PAA) disinfection to 

meet the permit requirements, and miscellaneous piping, valves, pumps, and gates for 

connections to the existing plant.   

The project will be located within the existing boundaries of the Maxson WWTF and will not 

require any additional land acquisition or easements. The estimated cost for the WWTF 

improvements is $136 million.  Based on discussions with SRF regarding funding, the City is 

anticipating the total loan amount from SRF to be $85 M funded over multiple fiscal years with 

the City funding the remaining anticipated $51 M.   
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7.2 – PUBLIC INVOLVEMENT / PUBLIC MEETING 

 

A public hearing will be held in which the T.E. Maxson WWTF project will be identified on a 

display map for public review and comment during the loan application process.  Recent 

industrial growth within the southern service area of the City and the recent revisions to require 

disinfection in the NPDES permit have led the City to hire a consultant to look at the best 

options for the City to address these two requirements, the City of Memphis anticipates that 

public comments will be favorable.  Once the Clean Water State Revolving Fund loan 

application has been approved, the City will move forward with the improvements including an 

additional aeration basin and secondary clarifier capacity for greater plant capacity, odor control, 

and installation of PAA disinfection to meet the permit requirements, and miscellaneous piping, 

valves, pumps, and gates for connections to the existing plant.   
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8.1 – ESTIMATED CONSTRUCTION COSTS AND OVERALL PROJECT COSTS 

(AMENDED) 

 

Project No. 1:  T.E. Maxson WWTF  Improvements 

This project is located inside the existing Maxson WWTP site and will not require any additional 

easements or land acquisition. The estimated cost for the WWTF improvements is $136 million.  

Based on discussions with SRF regarding funding, the City is anticipating the total loan amount 

from SRF to be $85 M funded over multiple fiscal years with the City funding the remaining 

anticipated $51 M.   

 

 

8.2 – PROPOSED FINANCING 

 

The City of Memphis intends to finance the proposed T.E. Maxson WWTF project with funding 

obtained via the Clean Water State Revolving Fund Loan Program (SRFLP), for which this 

Facilities Plan has been written.  Based on an analysis of the current sewer rate structure in 

place, it has been determined that this will generate the revenues required to repay the loan. 

The City of Memphis does not see any problems with repayment of the borrowed funds. 
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8.3 – PROJECTED OPERATING COSTS AND USER CHARGE STRUCTURE 

 

The existing normal demand for the Memphis Sanitary Sewer System is 145 MGD.  The City of 

Memphis believes that any additional operating costs incurred by the installation of the new 

treatment processes will be covered by the current sewer rate structure along with the 

implemented Additional Treatment Cost (ATC) resolution and will not result in additional fees or 

increases in the current rate structure for the present time.  

 

The normal user charge structure should remain unchanged at present levels for the next few 

years. If current projects remain unchanged and the current SRF loans close as projected, a 

rate increase is projected in fiscal year 2017 to meet fiscal requirements.  Per the City of 

Memphis Sewer Use Ordinance, which is available for review by the public via the City of 

Memphis website (http://www.cityofmemphis.org/pdf_forms/sewerUse013006.pdf), the sewer 

service volumetric charge is 2.267 cents per one thousand gallons of flow, with a seasonally 

adjusted sewer fee for the months of June, July, August, and September for a residential 

maximum of $35.00 per month. For other periods of the year the residential maximum is $50.00 

per month and a residential minimum volume fee of $2.50 per month.  There is also an 

additional charge to any customer (residential or commercial) who discharges wastewater with a 

strength greater than domestic sewerage levels.  Historically, the City’s sewer rates have been 

very stable.  Prior to the sewer rate increase in 2010 (which resulted in the above-mentioned 

rates), the previous rate increases in 1982, 2004, 2008, and 2009. Refer to APPENDIX B at the 

end of this document. 
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9.1 – PLANNING AREA AND PROJECT AREA AND BRIEF PROJECT DESCRIPTION 

(AMENDED) 

 

The Planning Area for this project is the current city limits of the City of Memphis. Previous 

SRF loan application planning areas have included the City of Memphis and adjacent 

unincorporated areas of Shelby County that are scheduled for annexation into the City of 

Memphis. New legislation adopted by the Tennessee legislature makes it much more 

problematic to annex unincorporated areas of Shelby County. Memphis City Council is also 

reluctant to extend infrastructure outside the current City limits. Accordingly, the planning area 

for this loan application is limited to the current City limits of Memphis. 

 

Project No. 1:  T.E. Maxson WWTF Improvements 

The T.E. Maxson WWTF located at 2685 Steam Plant Road was constructed in the early 1970s 

and has undergone multiple improvements and upgrades since it was put into operation.  

Recent industrial growth within the southern service area of the City and the recent revisions to 

require disinfection in the NPDES permit have led the City to hire a consultant to look at the best 

options for the City to address these two requirements.  The study led to the development of a 

recommended set of process and disinfection improvements at the plant to address effluent 

quality and future treatment capacity.  In addition to the process and disinfection improvements, 

the improvements would be implemented to address on-going odor concerns.  The 

improvements include the addition of additional aeration basin and secondary clarifier capacity 

for greater plant capacity, odor control, and installation of UV disinfection to meet the permit 

requirements, and miscellaneous piping, valves, pumps, and gates for connections to the 

existing plant.  To adequately implement UV disinfection, the process improvements are 
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required to ensure the effluent quality allows the UV technology to adequately meet the permit 

requirements. 

The project will be located within the existing boundaries of the Maxson WWTF and will not 

require any additional land acquisition or easements. The estimate for the project, including all 

required improvements, maintenance of operations during construction and the appropriate 

connections into the existing plant operation is estimated at $85 million dollars. 

 

 

9.2 – PROJECT SPECIFIC IMPACTS 

Project No. 1:  T.E. Maxson WWTF Improvements 

As discussed previously, the proposed T.E. Maxson WWTF Improvements project is located in 

a remote area of Southwest Memphis. The City anticipates that growth in the project area will be 

primarily industrial.  The topography of the project area varies from generally flat, and the area 

is drained by the Mississippi River system. The soils in the project area are generally deep, 

consisting of sand, silt, clay, and gravel. 

The City of Memphis anticipates no adverse impacts to historical or archeological features as a 

result of the proposed project.  The State of Tennessee Department of Environment and 

Conservation Division of Archaeology and the Tennessee Historical Commission both required 

a review of the proposed project. 

The City of Memphis anticipates no adverse impacts to threatened, endangered, or otherwise 

protected flora or fauna species as a result of the proposed project.  According to information 

obtained from the website of the State of Tennessee Department of Environment and 

Conservation Division of Natural Areas (www.state.tn.us/environment/na), There are a few 

flora/fauna species listed with a state status of Endangered (E), Threatened (T), Special 
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Concern (S), or Deemed in need of management (D) including the following (common names 

are used herein) within the Nonconnah/Horn Lake Water Shed.: 

 

Cedar Elm (S), Mississippi Kite (D), and Bald Eagle (D) 

 

Locations of specific habitats of the above-mentioned flora and fauna species within the 

proposed project area, if any, are not known.  The proposed project will disturb only areas within 

the confines of the Maxson WWTP property that is on previously disturbed ground impacted 

during the initial plant construction. Any disturbance will be temporary (only for the duration of 

the construction itself), and the disturbed areas will be returned as close to their pre-

construction states as possible.  However, should information be revealed during the design or 

construction of the proposed project regarding disturbance of habitats of any threatened or 

endangered species, all necessary procedures required by federal or state law will be taken to 

reduce or eliminate such disturbances.  

The City of Memphis anticipates no adverse impacts to the community’s water supply as a 

result of the proposed project.  The City of Memphis does not obtain drinking water from any 

surface lakes or rivers.  Rather, the water is obtained from the Memphis aquifer, which sits 

beneath Shelby County and contains more than 100 trillion gallons of water.  This water is 

drawn via wells, filtered and treated, and distributed daily to its customers.  The proposed 

project should not threaten the City’s water supply.  Furthermore, this project promotes cleaner 

surface waters and ground water by improving the treatment capabilities of the T.E. Maxson 

WWTP. 

The City of Memphis anticipates no adverse impacts to Wild or Scenic Rivers or wetlands as 

there are no National or State Scenic or Wild Rivers in Shelby County and no jurisdictional 

wetlands in the project area.   Also, the City of Memphis anticipates no long-term adverse 
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impacts to ambient air quality or fish and wildlife in the project area.  While there may be 

temporary disturbances to air quality and fish and wildlife associated with normal construction 

activities, such as noise, dust, odor, and erosion, these impacts should only last for the duration 

of work in any specific area, and certain construction practices will be employed to minimize 

these adverse impacts.  Such techniques include, but are not limited to, maintaining good 

erosion control structures and best management practices (BMPs), notifying residents of 

construction activities, and restoring disturbed areas to their previous (or better than previous) 

condition. 

Because the proposed project occurs in a remote area, the City of Memphis anticipates few 

adverse impacts to residential areas.  No displacement of the population or alteration of the 

character of existing residential neighborhoods is expected.  As stated previously, the only 

anticipated adverse environmental impacts are minor and temporary and include those 

associated with normal construction activities, such as noise, dust, odor, erosion, and 

inconvenience to nearby residents.  These impacts should only last for the duration of work in 

any specific area, and certain construction practices will be employed to minimize these adverse 

impacts.  Such techniques include, but are not limited to, limiting construction hours to avoid 

disturbing residents, maintaining good erosion control structures and best management 

practices (BMPs), notifying residents of construction activities, maintaining access to residences 

and businesses, and restoring disturbed areas to their previous (or better than previous) 

condition. 
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10.1 – IDENTIFICATION OF MINORITY AND LOW-INCOME POPULATIONS IN PROJECT 

AREA 

Project No. 1:  T.E. Maxson WWTF Improvements 

The Project Area is located in a remote area of Southwest Memphis. There are no residential 

areas in the vicinity. There are no minority or low-income populations within the project area. 

 

 

10.2 – EVALUATION OF DISPROPORTIONATE RISKS TO IDENTIFIED EJ POPULATIONS 

Project No. 1:  T.E. Maxson WWTF Improvements 

 

There are no anticipated disproportionate risks to EJ populations associated with this project.  

The proposed project should benefit all residents of the City of Memphis by encouraging 

continued growth and development. 
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10.3 – IDENTIFICATION OF PUBLIC PARTICIPATION OPPORTUNITIES FOR IDENTIFIED 

EJ POPULATIONS 

Project No. 1:  T.E. Maxson WWTF Improvements 

 

As stated in Section 7.2 – Public Involvement/Public Meetings, a public hearing will be held in 

which the project will be identified on a display map for public review and comment during the 

loan application process.  All affected residents of Shelby County, including those in EJ 

populations, will have opportunity to offer comments, favorable or unfavorable, and ask 

questions concerning the proposed project. The City of Memphis anticipates that public 

comments will be favorable.   

 

10.4 – EVALUATION OF ENVIRONMENTAL/HEALTH RISKS AMONG IDENTIFIED EJ 

POPULATIONS THAT MAY BE EXACERBATED BY PROPER CONSTRUCTION AND 

OPERATION OF THE SELECTED ALTERNATIVE 

Project No. 1:  T.E. Maxson WWTF Improvements 

There are no anticipated environmental or health risks among EJ populations that will be 

exacerbated by proper construction and operation of the selected alternative.  Certain 

construction practices will be employed to minimize minor adverse impacts associated with 

normal construction practices (refer to the Specific Impacts discussion in Section 9).  Again, the 

proposed project should benefit all residents of the City of Memphis by encouraging continued 

growth and development. 
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1.0. EFFLUENT LIMITATIONS AND MONITORING REQUIREMENTS 
 _____________________________________________________________________________________________________________________ 
1.1. NUMERIC AND NARRATIVE EFFLUENT LIMITATIONS 

The permittee is authorized to discharge its T.E. Maxson STP treated wastewater from Outfall 001 to the Mississippi 
River at Mile 725.0 via the local Cooling Water Channel (a wet weather conveyance) pursuant to the permit 
limitations and monitoring requirements specified in this section. The T.E. Maxson STP has a design capacity of 90 
MGD.  
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Total residual chlorine (TRC) and oxidants (TRO) monitoring shall be applicable 
when chlorine, bromine, or any other oxidants are added. The acceptable methods 
for analysis of TRC are any methods specified in Title 40 CFR, Part 136, as 
amended. 
  

E. coli  s
 mean, individual samples 

having an E. coli group concentration of less than one (1) cfu per 100 ml shall be 
considered as having a concentration of one (1) cfu per 100 ml. 
 
There shall be no distinctly visible floating scum, oil or other matter contained in the 
wastewater discharge.  
 
The wastewater discharge must not cause an objectionable color contrast in the 
receiving stream.  
 
The wastewater discharge shall not contain pollutants in quantities that will be 
hazardous or otherwise detrimental to humans, livestock, wildlife, plant life, or fish 
and aquatic life in the receiving stream. 
 
Sludge or any other material removed by any treatment works must be disposed of 
in a manner that prevents its entrance into or pollution of any surface or subsurface 
waters. Additionally, the disposal of such sludge or other material must be in 
compliance with the Tennessee Solid Waste Disposal Act, TCA 68-31-101 et seq. 
and the Tennessee Hazardous Waste Management Act, TCA 68-46-101 et seq. 
 
For the purpose of evaluating compliance with the permit limits established herein, 
where certain limits are below the state of Tennessee published required detection 
levels (RDLs) for any given effluent characteristics, the results of analyses below the 
RDL shall be reported as Below Detection Level (BDL), unless in specific cases 
other detection limits are demonstrated to be the best achievable because of the 
particular nature of the wastewater being analyzed. The BDL value shall be reported 
in the DMR “Comments” section. 
 
For BOD5 and TSS, the treatment facility shall demonstrate a minimum of 85% 
removal efficiency on a monthly average basis. The minimum removal efficiencies 
shall be calculated by determining an average of all daily influent concentrations and 
comparing this to an average of all daily effluent concentrations. The formula for this 
calculation is as follows: 

 
 1 -   average of daily effluent concentrations    x 100% = % removal 
   average of daily influent concentrations      

 
The treatment facility will also demonstrate 40% minimum removal of the BOD5 and 
TSS based upon each daily composite sample. The formula for this calculation is as 
follows: 
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 1 -   daily effluent concentrations    x 100% = % removal 
   daily influent concentrations      

 
1.2. MONITORING PROCEDURES 
1.2.1. Representative Sampling 
 

Appropriate flow measurement devices and/or division-approved methods consistent 
with accepted scientific practices shall be used to insure the accuracy and reliability 
of measurements of the volume of monitored discharges. The devices shall be 
installed, calibrated and maintained to insure that the accuracy of the measurements 
is consistent with accepted capability of that type of device. Devices and methods 
used shall be capable of measuring flows with a maximum deviation of less than 
plus or minus 10% from the true discharge rates throughout the range of expected 
discharge volumes. 

 
Samples and measurements taken in compliance with the monitoring requirements 
specified above shall be representative of the volume and nature of the monitored 
discharge, and shall be taken at the following location(s):   
 
Influent samples must be collected prior to mixing with any other wastewater being 
returned to the head of the plant, such as return sludge. Those systems with more 
than one influent line must collect samples from each and proportion the results by 
the flow from each line. However, as long as the sludge lagoon supernatant is 
discharged into interceptors ahead of the STP, the influent samples may be 
collected after the sludge lagoon supernatant return. The permittee must submit an 
Influent Flow Assessment Report to the division, which relates the quality and 
quantity of the supernatant stream within sixty (60) days of permit effective date. 
Otherwise, the influent samples must be collected ahead of the influent’s mixing with 
any other wastestreams being returned to the head of the plant. Additionally, 
systems with more than one influent line must collect samples from each and 
proportion the results by the flow from each line. 
 
Effluent samples must be representative of the wastewater being discharged and 
collected prior to mixing with any other discharge or the receiving stream. This can 
be a different point for different parameters, but must be after all treatment for that 
parameter or all expected change: 

 
a. If chlorination is used for disinfection, final effluent BOD  samples can be 

collected before disinfection to avoid having to dechlorinate and seed the 
samples. If a non-chlorination-based oxidation process is used for effluent 
disinfection, the permittee shall use BOD  testing procedures approved by the 
division for its treated effluent analyses.  

 
b. The chlorine residual must be measured after the chlorine contact chamber and 

any dechlorination. It may be to the advantage of the permittee to measure at the 
end of any long outfall lines. 
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c. Samples for E. coli can be collected at any point between disinfection and the 
actual discharge. 

 
d. The dissolved oxygen can drop in the outfall line; therefore, D.O. measurements 

are required at the discharge end of outfall lines greater than one mile long. 
Systems with outfall lines less than one mile may measure dissolved oxygen as 
the wastewater leaves the treatment facility. For systems with dechlorination, 
dissolved oxygen must be measured after this step and as close to the end of 
the outfall line as possible. 

 
e. Total suspended solids and settleable solids can be collected at any point after 

the final clarifier. 
 
f. Biomonitoring tests shall be conducted on final effluent. 

 
1.2.2. Sampling Frequency 
 

Where the permit requires sampling and monitoring of a particular effluent 
characteristic(s) at a frequency of less than once per day or daily, the permittee is 
precluded from marking the “No Discharge” block on the Discharge Monitoring 
Report if there has been any discharge from that particular outfall during the period 
which coincides with the required monitoring frequency; i.e. if the required 
monitoring frequency is once per month or 1/month, the monitoring period is one 
month, and if the discharge occurs during only one day in that period then the 
permittee must sample on that day and report the results of analyses accordingly. 

 
1.2.3. Test Procedures 
 

a. Test procedures for the analysis of pollutants shall conform to regulations 
published pursuant to Section 304 (h) of the Clean Water Act (the "Act"), as 
amended, under which such procedures may be required. The treated effluent 
total mercury shall be determined using EPA Method 245.7 or 1631E and methyl 
mercury analyzed using EPA Method 1630. For monitoring PCBs the permittee 
shall use EPA Method 1668B.  

 
b. Unless otherwise noted in the permit, all pollutant parameters shall be 

determined according to methods prescribed in Title 40 CFR Part 136, as 
amended, promulgated pursuant to Section 304 (h) of the Act, using sufficiently 
sensitive testing to demonstrate permit compliance, and/or best achievable 
methods for permit reporting requirements. The permittee shall obtain written 
division approval for using analytical procedures not provided in Title 40 CFR 
Part 136 for permit compliance. 
 

c. Composite samples must be proportioned by flow at time of sampling. Aliquots 
may be collected manually or automatically. The sample aliquots must be 
maintained at less than or equal to 6 degrees Celsius during the compositing 
period. 
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1.2.4. Recording of Results 
 

For each measurement or sample taken pursuant to the requirements of this permit, 
the permittee shall record the following information: 

 
a. The exact place, date and time of sampling; 
 
b. The exact person(s) collecting samples; 
 
c. The dates and times the analyses were performed; 
 
d. The person(s) or laboratory who performed the analyses; 
 
e. The analytical techniques or methods used, and; 
 
f. The results of all required analyses. 

 
1.2.5. Records Retention 
 

All records and information resulting from the monitoring activities required by this 
permit including all records of analyses performed and calibration and maintenance 
of instrumentation shall be retained for a minimum of three (3) years, or longer, if 
requested by the Division of Water Pollution Control. 

 
1.3. REPORTING 
 
1.3.1. Monitoring Results 
 

Monitoring results shall be recorded monthly and submitted monthly using Discharge 
Monitoring Report (DMR) forms or an electronic program supplied by the Division of 
Water Pollution Control. Submittals shall be postmarked or sent electronically no 
later than 15 days after the completion of the reporting period. The top two copies of 
each report are to be submitted. A copy should be retained for the permittee's files. 
DMRs and any communication regarding compliance with the conditions of this 
permit must be sent to: 

 
TENNESSEE DEPT. OF ENVIRONMENT & CONSERVATION 

DIVISION OF WATER POLLUTION CONTROL 
COMPLIANCE REVIEW SECTION 

401 CHURCH STREET 
L & C ANNEX 6TH FLOOR 
NASHVILLE TN 37243-1534 

 
The first DMR is due on the 15th of the month following permit effectiveness. 

 
DMRs and any other report or information submitted to the division must be signed 
and certified by a responsible corporate officer as defined in 40 CFR 122.22, a 
general partner or proprietor, or a principal municipal executive officer or ranking 
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elected official, or his duly authorized representative. Such authorization must be 
submitted in writing and must explain the duties and responsibilities of the authorized 
representative. 
 
The electronic submission of DMRs will be accepted only if approved in writing by 
the division. For purposes of determining compliance with this permit, data submitted 
in electronic format is legally equivalent to data submitted on signed and certified 
DMR forms. 

 
1.3.2.  Additional Monitoring by Permittee 
 

If the permittee monitors any pollutant specifically limited by this permit more 
frequently than required at the location(s) designated, using approved analytical 
methods as specified herein, the results of such monitoring shall be included in the 
calculation and reporting of the values required in the DMR form. Such increased 
frequency shall also be indicated on the form. 

 
1.3.3. Falsifying Results and/or Reports 
 

Knowingly making any false statement on any report required by this permit or 
falsifying any result may result in the imposition of criminal penalties as provided for 
in Section 309 of the Federal Water Pollution Control Act, as amended, and in 
Section 69-3-115 of the Tennessee Water Quality Control Act. 

 
1.3.4. Monthly Report of Operation 
 

Monthly operational reports (MORs) shall be submitted on standard forms to the 
appropriate Division of Water Pollution Control Environmental Field Office in 
Jackson, Nashville, Chattanooga, Columbia, Cookeville, Memphis, Johnson City, or 
Knoxville. Reports shall be submitted by the 15th day of the month following data 
collection. 

 
1.3.5.     Bypass and Overflow Reporting 
 
 
1.3.5.1.     Report Requirements 
 

A summary report of known or suspected instances of overflows in the collection 
system or bypass of wastewater treatment facilities shall accompany the Discharge 
Monitoring Report. The report must contain the date and duration of the instances of 
overflow and/or bypassing and the estimated quantity of wastewater released and/or 
bypassed. The report must separately list which overflows flowed into buildings. 
 
The report must also detail activities undertaken during the reporting period to (1) 
determine if overflow is occurring in the collection system, (2) correct those known or 
suspected overflow points and (3) prevent future or possible overflows and any 
resulting bypassing at the treatment facility. 
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On the DMR, the permittee must report the number of sanitary sewer overflows, dry-
weather overflows and in-plant bypasses separately. Three lines must be used on 
the DMR form, one for sanitary sewer overflows, one for dry-weather overflows and 
one for in-plant bypasses.  

 
1.3.5.2.    Anticipated Bypass Notification 
 

If, because of unavoidable maintenance or construction activities, the permittee has 
a need to create an in-plant bypass which would cause an effluent violation, the 
permittee must notify the division as soon as possible (the division requires 10 days 
prior to bypass notification, unless it is not possible e.g., pipe break, in which case, 
as soon as possible notification is warranted). 
 

1.3.6.     Reporting Less Than Detection 
 

A permit limit may be less than the accepted detection level. If the samples are 
below the detection level, then report “BDL” or “NODI =B” on the DMRs. The 
permittee must use the correct detection levels in all analytical testing required in the 
permit. The required detection levels are listed in the Rules of the Department of 
Environment and Conservation, Division of Water Pollution Control, Chapter 1200-4-
3-.05(8). 
 
For example, if the limit is 0.02 mg/l with a detection level of 0.05 mg/l and detection 
is shown; 0.05 mg/l must be reported. In contrast, if nothing is detected reporting 
“BDL” or “NODI =B” is acceptable. 

 
1.4. COMPLIANCE WITH SECTION 208 
 

The limits and conditions in this permit shall require compliance with an area-wide 
waste treatment plan (208 Water Quality Management Plan) where such approved 
plan is applicable. 

 
1.5. REOPENER CLAUSE 
 

This permit shall be modified, or alternatively revoked and reissued, to comply with 
any applicable effluent standard or limitation issued or approved under Sections 
301(b)(2)(C) and (D), 307(a)(2) and 405(d)(2)(D) of the Clean Water Act, as 
amended, if the effluent standard, limitation or sludge disposal requirement so 
issued or approved: 
 
a. Contains different conditions or is otherwise more stringent than any condition in 

the permit; or  
 
b. Controls any pollutant or disposal method not addressed in the permit. 
 
The permit as modified or reissued under this paragraph shall also contain any other 
requirements of the Act then applicable. 
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The division shall be able to modify this permit to incorporate appropriate changes 
based on Outfall 001 treated effluent ammonia-nitrogen, chlorinated byproducts, 
total residual chlorine/oxidants and acute biomonitoring results. The permittee must 
submit to the division its influent/effluent flow report, including recommendations 
within 6 months from the new permit’s effective date, upon which the division may 
reopen the permit for modification. Pursuant to the permittee’s request/justification 
the division may modify the permit if appropriate to limit the TRO to halogenated 
oxidants only. 
 
All permit modifications shall be subject to applicable public participation 
requirements. 
 
 

2.0 GENERAL PERMIT REQUIREMENTS 
 ____________________________________________________________________________  
 
2.1. GENERAL PROVISIONS 

 
2.1.1. Duty to Reapply 

 
Permittee is not authorized to discharge after the expiration date of this permit. In 
order to receive authorization to discharge beyond the expiration date, the permittee 
shall submit such information and forms as are required to the Director of Water 
Pollution Control (the "director") no later than 180 days prior to the expiration date. 
Such forms shall be properly signed and certified. 

 
2.1.2. Right of Entry 
 

The permittee shall allow the director, the Regional Administrator of the U.S. 
Environmental Protection Agency, or their authorized representatives, upon the 
presentation of credentials: 

 
a. To enter upon the permittee's premises where an effluent source is located or 

where records are required to be kept under the terms and conditions of this 
permit, and at reasonable times to copy these records; 

 
b. To inspect at reasonable times any monitoring equipment or method or any 

collection, treatment, pollution management, or discharge facilities required 
under this permit; and 

 
c. To sample at reasonable times any discharge of pollutants. 

 

EPA-HQ-2019-004783   001508



Memphis- T.E. Maxson STP  
NPDES Permit TN0020729 

Page 10  

 

2.1.3. Availability of Reports 
 

Except for data determined to be confidential under Section 308 of the Federal 
Water Pollution Control Act, as amended, all reports prepared in accordance with 
the terms of this permit shall be available for public inspection at the offices of the 
Division of Water Pollution Control. As required by the Federal Act, effluent data 
shall not be considered confidential. 

 
2.1.4. Proper Operation and Maintenance 
 

a. The permittee shall at all times properly operate and maintain all facilities and 
systems (and related appurtenances) for collection and treatment which are 
installed or used by the permittee to achieve compliance with the terms and 
conditions of this permit. Proper operation and maintenance also includes 
adequate laboratory and process controls and appropriate quality assurance 
procedures. This provision requires the operation of backup or auxiliary facilities 
or similar systems, which are installed by a permittee only when the operation is 
necessary to achieve compliance with the conditions of the permit. Backup 
continuous pH and flow monitoring equipment are not required. 

 
b. Dilution water shall not be added to comply with effluent requirements to achieve 

BCT, BPT, BAT and or other technology based effluent limitations such as those 
in State of Tennessee Rule 1200-4-5-.09. 

 
2.1.5.   Treatment Facility Failure (Industrial Sources) 
 

The permittee, in order to maintain compliance with this permit, shall control 
production, all discharges, or both, upon reduction, loss, or failure of the treatment 
facility, until the facility is restored or an alternative method of treatment is provided. 
This requirement applies in such situations as the reduction, loss, or failure of the 
primary source of power. 

 
2.1.6. Property Rights 
 

The issuance of this permit does not convey any property rights in either real or 
personal property, or any exclusive privileges, nor does it authorize any injury to 
private property or any invasion of personal rights, nor any infringement of federal, 
state, or local laws or regulations. 

 
2.1.7. Severability 
 

The provisions of this permit are severable. If any provision of this permit due to any 
circumstance, is held invalid, then the application of such provision to other 
circumstances and to the remainder of this permit shall not be affected thereby. 

 
2.1.8. Other Information 
 

If the permittee becomes aware of failure to submit any relevant facts in a permit 
application, or of submission of incorrect information in a permit application or in any 
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report to the director, then the permittee shall promptly submit such facts or 
information. 

 
2.2. CHANGES AFFECTING THE PERMIT 
 
2.2.1. Planned Changes 
 

The permittee shall give notice to the director as soon as possible of any planned 
physical alterations or additions to the permitted facility. Notice is required only 
when: 
 
a. The alteration or addition to a permitted facility may meet one of the criteria for 

determining whether a facility is a new source in 40 CFR 122.29(b); or 
 
b. The alteration or addition could significantly change the nature or increase the 

quantity of pollutants discharged. This notification applies to pollutants, which are 
subject neither to effluent limitations in the permit, nor to notification 
requirements under 40 CFR 122.42(a)(1). 

 
2.2.2. Permit Modification, Revocation, or Termination 
 

a. This permit may be modified, revoked and reissued, or terminated for cause as 
described in 40 CFR 122.62 and 122.64, Federal Register, Volume 49, No. 188 
(Wednesday, September 26, 1984), as amended. 

 
b. The permittee shall furnish to the director, within a reasonable time, any 

information which the director may request to determine whether cause exists for 
modifying, revoking and reissuing, or terminating this permit, or to determine 
compliance with this permit. The permittee shall also furnish to the director, upon 
request, copies of records required to be kept by this permit. 

 
c. If any applicable effluent standard or prohibition (including any schedule of 

compliance specified in such effluent standard or prohibition) is established for 
any toxic pollutant under Section 307(a) of the Federal Water Pollution Control 
Act, as amended, the director shall modify or revoke and reissue the permit to 
conform to the prohibition or to the effluent standard, providing that the effluent 
standard is more stringent than the limitation in the permit on the toxic pollutant. 
The permittee shall comply with these effluent standards or prohibitions within 
the time provided in the regulations that establish these standards or 
prohibitions, even if the permit has not yet been modified or revoked and 
reissued to incorporate the requirement. 

 
d. The filing of a request by the permittee for a modification, revocation, 

reissuance, termination, or notification of planned changes or anticipated 
noncompliance does not halt any permit condition. 
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2.2.3. Change of Ownership 
 

This permit may be transferred to another party (provided there are neither 
modifications to the facility or its operations, nor any other changes which might 
affect the permit limits and conditions contained in the permit) by the permittee if: 

 
a. The permittee notifies the director of the proposed transfer at least 30 days in 

advance of the proposed transfer date; 
 
b. The notice includes a written agreement between the existing and new 

permittees containing a specified date for transfer of permit responsibility, 
coverage, and liability between them; and 

 
c. The director, within 30 days, does not notify the current permittee and the new 

permittee of his intent to modify, revoke or reissue, or terminate the permit and 
to require that a new application be filed rather than agreeing to the transfer of 
the permit. 

 
Pursuant to the requirements of 40 CFR 122.61, concerning transfer of ownership, 
the permittee must provide the following information to the division in their formal 
notice of intent to transfer ownership: 1) the NPDES permit number of the subject 
permit; 2) the effective date of the proposed transfer; 3) the name and address of 
the transferor; 4) the name and address of the transferee; 5) the names of the 
responsible parties for both the transferor and transferee; 6) a statement that the 
transferee assumes responsibility for the subject NPDES permit; 7) a statement that 
the transferor relinquishes responsibility for the subject NPDES permit; 8) the 
signatures of the responsible parties for both the transferor and transferee pursuant 
to the requirements of 40 CFR 122.22(a), “Signatories to permit applications”; and, 
9) a statement regarding any proposed modifications to the facility, its operations, or 
any other changes which might affect the permit limits and conditions contained in 
the permit. 

 
2.2.4. Change of Mailing Address 
 

The permittee shall promptly provide to the director written notice of any change of 
mailing address. In the absence of such notice the original address of the permittee 
will be assumed to be correct. 

 

 
2.3.1. Effect of Noncompliance 
 

All discharges shall be consistent with the terms and conditions of this permit. Any 
permit noncompliance constitutes a violation of applicable state and federal laws and 
is grounds for enforcement action, permit termination, permit modification, or denial 
of permit reissuance. 
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2.3.2. Reporting of Noncompliance 
 

a. 24-Hour Reporting 
 

In the case of any noncompliance which could cause a threat to public drinking 
water supplies, or any other discharge which could constitute a threat to human 
health or the environment, the required notice of non-compliance shall be 
provided to the Division of Water Pollution Control in the appropriate 
Environmental Field Office within 24-hours from the time the permittee becomes 
aware of the circumstances. (The Environmental Field Office should be 
contacted for names and phone numbers of environmental response team). 
 
A written submission must be provided within five days of the time the permittee 
becomes aware of the circumstances unless the director on a case-by-case 
basis waives this requirement. The permittee shall provide the director with the 
following information: 

 
i. A description of the discharge and cause of noncompliance; 

 
ii. The period of noncompliance, including exact dates and times or, if not 

corrected, the anticipated time the noncompliance is expected to continue; 
and 

 
iii. The steps being taken to reduce, eliminate, and prevent recurrence of the 

noncomplying discharge. 
 

b. Scheduled Reporting 
 

For instances of noncompliance which are not reported under subparagraph 
2.3.2.a above, the permittee shall report the noncompliance on the Discharge 
Monitoring Report. The report shall contain all information concerning the steps 
taken, or planned, to reduce, eliminate, and prevent recurrence of the violation 
and the anticipated time the violation is expected to continue. 

 
2.3.3. Overflow 
 

a. "Overflow" means any discharge of sewage from any portion of the collection, 
transmission, or treatment system other than through permitted outfalls.  

 
b. Overflows are prohibited. 
 
c. The permittee shall operate the collection system so as to avoid overflows. No 

new or additional flows shall be added upstream of any point in the collection 
system, which experiences chronic overflows (greater than 5 events per year) or 
would otherwise overload any portion of the system. 

 
d. Unless there is specific enforcement action to the contrary, the permittee is 

relieved of the requirement from paragraph c. above after: 1) an authorized 
representative of the Commissioner of the Department of Environment and 
Conservation has approved an engineering report and construction plans and 
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specifications prepared in accordance with accepted engineering practices for 
correction of the problem; 2) the correction work is underway; and 3) the 
cumulative, peak-design, flows potentially added from new connections and line 
extensions upstream of any chronic overflow point are less than or proportional 
to the amount of inflow and infiltration removal documented upstream of that 
point. The inflow and infiltration reduction must be measured by the permittee 
using practices that are customary in the environmental engineering field and 
reported in an attachment to a Monthly Operating Report submitted to the local 
TDEC Environmental Field Office. The data measurement period shall be 
sufficient to account for seasonal rainfall patterns and seasonal groundwater 
table elevations. 

 
e. In the event that more than 5 overflows have occurred from a single point in the 

collection system for reasons that may not warrant the self-imposed moratorium 
or completion of the actions identified in this paragraph, the permittee may 
request a meeting with the Division of Water Pollution Control EFO staff to 
petition for a waiver based on mitigating evidence. 

 
2.3.4. Upset 
 

a. "Upset" means an exceptional incident in which there is unintentional and 
temporary noncompliance with technology-based effluent limitations because of 
factors beyond the reasonable control of the permittee. An upset does not 
include noncompliance to the extent caused by operational error, improperly 
designed treatment facilities, inadequate treatment facilities, lack of preventive 
maintenance, or careless or improper operation. 

 
b. An upset shall constitute an affirmative defense to an action brought for 

noncompliance with such technology-based permit effluent limitations if the 
permittee demonstrates, through properly signed, contemporaneous operating 
logs, or other relevant evidence that: 

 
i. An upset occurred and that the permittee can identify the cause(s) of the 

upset; 
 
ii. The permitted facility was at the time being operated in a prudent and 

workman-like manner and in compliance with proper operation and 
maintenance procedures; 

 
iii. The permittee submitted information required under "Reporting of 

Noncompliance" within 24-hours of becoming aware of the upset (if this 
information is provided orally, a written submission must be provided within 
five days); and 

 
iv. The permittee complied with any remedial measures required under 

"Adverse Impact." 
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2.3.5. Adverse Impact 
 

The permittee shall take all reasonable steps to minimize any adverse impact to the 
waters of Tennessee resulting from noncompliance with this permit, including such 
accelerated or additional monitoring as necessary to determine the nature and 
impact of the noncomplying discharge. It shall not be a defense for the permittee in 
an enforcement action that it would have been necessary to halt or reduce the 
permitted activity in order to maintain compliance with the conditions of this permit. 

 
2.3.6. Bypass 
 

a. "Bypass" is the intentional diversion of wastewater away from any portion of a 
treatment facility. "Severe property damage" means substantial physical damage 
to property, damage to the treatment facilities which would cause them to 
become inoperable, or substantial and permanent loss of natural resources 
which can reasonably be expected to occur in the absence of a bypass. Severe 
property damage does not mean economic loss caused by delays in production. 

 
b. Bypasses are prohibited and the division may take enforcement action, unless all 

of the following 3 conditions are met: 
 

i. The bypass is unavoidable to prevent loss of life, personal injury, or severe 
property damage; 

 
ii. There are no feasible alternatives to bypass, such as the construction and 

use of auxiliary treatment facilities, retention of untreated wastes, or 
maintenance during normal periods of equipment downtime. This condition is 
not satisfied if adequate back-up equipment should have been installed in the 
exercise of reasonable engineering judgment to prevent a bypass, which 
occurred during normal periods of equipment downtime or preventative 
maintenance; 

 
iii. The permittee submits notice of an unanticipated bypass to the Division of 

Water Pollution Control in the appropriate Environmental Field Office within 
24 hours of becoming aware of the bypass (if this information is provided 
orally, a written submission must be provided within five days). When the 
need for the bypass is foreseeable, prior notification shall be submitted to the 
director, if possible, at least 10 days before the date of the bypass. 

 
c. Bypasses not exceeding permit limitations are allowed only if the bypass is 

necessary for essential maintenance to assure efficient operation. All other 
bypasses are subject to the prohibition in subsection (b) above. Allowable 
bypasses not exceeding limitations are not subject to the reporting requirements 
of 2.3.6.b.iii, above. 

 
2.3.7. Washout 
 

a. For domestic wastewater plants only, a "washout" shall be defined as loss of 
Mixed Liquor Suspended Solids (MLSS) of 30.00% or more. This refers to the 
MLSS in the aeration basin(s) only. This does not include MLSS decrease due to 
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solids wasting to the sludge disposal system. A washout can be caused by 
improper operation or from peak flows due to infiltration and inflow. 

 
b. A washout is prohibited. If a washout occurs the permittee must report the 

incident to the Division of Water Pollution Control in the appropriate 
Environmental Field Office within 24 hours by telephone. A written submission 
must be provided within five days. The washout must be noted on the discharge 
monitoring report. Each day of a washout is a separate violation. 

 
2.4. LIABILITIES 
 
2.4.1. Civil and Criminal Liability 
 

Except as provided in permit conditions for "Bypassing," “Overflow,” and "Upset," 
nothing in this permit shall be construed to relieve the permittee from civil or criminal 
penalties for noncompliance. Notwithstanding this permit, the permittee shall remain 
liable for any damages sustained by the State of Tennessee, including but not 
limited to fish kills and losses of aquatic life and/or wildlife, as a result of the 
discharge of wastewater to any surface or subsurface waters. Additionally, 
notwithstanding this Permit, it shall be the responsibility of the permittee to conduct 
its wastewater treatment and/or discharge activities in a manner such that public or 
private nuisances or health hazards will not be created. 

 
2.4.2. Liability Under State Law 
 

Nothing in this permit shall be construed to preclude the institution of any legal 
action or relieve the permittee from any responsibilities, liabilities, or penalties 
established pursuant to any applicable state law or the Federal Water Pollution 
Control Act, as amended. 

 
 
3.0. PERMIT SPECIFIC REQUIREMENTS 
 ____________________________________________________________________________  
 
3.1. CERTIFIED OPERATOR 
 

The waste treatment facilities shall be operated under the supervision of a certified 
wastewater treatment operator and the collection system shall be operated under 
the supervision of a certified collection system operator in accordance with the 
Water Environmental Health Act of 1984. 
 

3.2. POTW PRETREATMENT PROGRAM  
 
As an update of information previously submitted to the division, the permittee will 
undertake the following activity. 

 
a. The permittee has been delegated the primary responsibility and therefore 

becomes the "control authority" for enforcing the 40 CFR 403 General 
Pretreatment Regulations. Where multiple plants are concerned the permittee is 

EPA-HQ-2019-004783   001515



Memphis- T.E. Maxson STP  
NPDES Permit TN0020729 

Page 17  

 

responsible for the Pretreatment Program for all plants within its jurisdiction. The 
permittee shall implement and enforce the Industrial Pretreatment Program in 
accordance with Section 403(b)(8) of the Clean Water Act, the Federal 
Pretreatment Regulations 40 CFR 403, Tennessee Water Quality Control Act 
Part 63-3-123 through 63-3-128, and the legal authorities, policies, procedures, 
and financial provisions contained in its approved Pretreatment Program, except 
to the extent this permit imposed stricter requirements. Such implementation 
shall require but not limit the permittee to do the following: 

 
i. Carry out inspection, surveillance, and monitoring procedures, which will 

determine, independent of information supplied by the industrial user (IU), 
whether the IU is in compliance with the pretreatment standards; 
 

ii. Require development, as necessary, of compliance schedules for each IU for 
the installation of control technologies to meet applicable pretreatment 
standards; 
 

iii. Require all industrial users to comply with all applicable monitoring and 
reporting requirements outlined in the approved pretreatment program and IU 
permit; 
 

iv. Maintain and update, as necessary, records identifying the nature and 
character of industrial user discharges, and retain such records for a 
minimum of three (3) years; 
 

v. Obtain appropriate remedies for noncompliance by an IU with any 
pretreatment standard and/or requirement; 
 

vi. Publish annually, pursuant to 40 CFR 403.8 (f)(2)(viii), a list of industrial 
users that have significantly violated pretreatment requirements and 
standards during the previous twelve-month period. 
 

vii. Maintain an adequate revenue structure for continued operation of the 
pretreatment program. 
 

viii. Update its Industrial Waste Survey at least once every five years. Results of 
this update shall be submitted to the Division of Water Pollution Control, 
Pretreatment Section within 120 days of the effective date of this permit. 
 

ix. Submit a written technical evaluation of the need to revise local limits within 
120 days of the effective date of this permit to the state pretreatment 
program coordinator. The evaluation should consider the most recent pass-
through limits proposed by the division. The technical evaluation shall be 
based on practical and specialized knowledge of the local program and not 
be limited by a specified written format. 

 
b. The permittee shall enforce 40 CFR 403.5, "prohibited discharges". Pollutants 

introduced into the POTW by a non-domestic source shall not cause pass 
through or interference as defined in 40 CFR Part 403.3. These general 

EPA-HQ-2019-004783   001516



Memphis- T.E. Maxson STP  
NPDES Permit TN0020729 

Page 18  

 

prohibitions and the specific prohibitions in this section apply to all non-domestic 
sources introducing pollutants into the POTW whether the source is subject to 
other National Pretreatment Standards or any state or local pretreatment 
requirements. 

 
Specific Prohibitions. Under no circumstances shall the permittee allow 
introduction of the following wastes in the waste treatment system: 

 
i. Pollutants which create a fire or explosion hazard in the POTW; 

 
ii. Pollutants which will cause corrosive structural damage to the treatment 

works, but in no case discharges with pH less than 5.0 unless the system is 
specifically designed to accept such discharges. 
 

iii. Solid or viscous pollutants in amounts which will cause obstruction to the flow 
in the treatment system resulting in interference. 
 

iv. Any pollutant, including oxygen-demanding pollutants (BOD, etc.) released in 
a discharge at a flow rate and/or pollutant concentration which will cause 
interference with the treatment works. 
 

v. Heat in amounts which will inhibit biological activity in the treatment works 
resulting in interference, but in no case heat in such quantities that the 
temperature at the treatment works exceeds 40°C (104°F) unless the works 
are designed to accommodate such heat. 
 

vi. Any priority pollutant in amounts that will cause interference with the 
treatment works sludge processes, use or disposal. 
 

vii. Petroleum oil, nonbiodegradable cutting oil, or products of mineral oil origin in 
amounts that will cause interference or pass through; 
 

viii. Pollutants which result in the presence of toxic gases, vapors or fumes within 
the POTW in a quantity that may cause worker health and safety problems; 
 

ix. Any trucked or hauled pollutants except at discharge points designated by 
the POTW. 

 
c. The permittee shall notify the Tennessee Division of Water Pollution Control of 

any of the following changes in user discharge to the system no later than 30 
days prior to change of discharge: 

 
i. New introductions into such works of pollutants from any source which would 

be a new source as defined in Section 306 of the Act if such source were 
discharging pollutants. 
 

ii. New introductions of pollutants into such works from a source which would 
be subject to Section 301 of the "Federal Water Pollution Control Act" if it 
were discharging such pollutants. 
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iii. A substantial change in volume or character of pollutants being introduced 

into such works by a source already discharging pollutants into such works at 
the time the permit is issued. 

 
This notice will include information on the quantity and quality of the wastewater 
introduced by the new source into the publicly owned treatment works, and on 
any anticipated impact on the effluent discharged from such works. If this 
discharge necessitates a revision of the current NPDES permit or pass-through 
guidelines, discharge by this source is prohibited until the Tennessee Division of 
Water Pollution Control gives final authorization. 
 

d. Reporting Requirements 
 

The permittee shall provide an annual report briefly describing the permittee's 
pretreatment program activities over the previous calendar year. The report shall 
be submitted to the Division of Water Pollution Control, Central Office and a copy 
to the appropriate Environmental Field Office no later than the 50 days after the 
end of the reporting period. For control authorities with multiple STPs, one report 
should be submitted with a separate Form 1 for each STP. Each report shall 
conform to the format set forth in the state’s POTW Pretreatment Semiannual 
Report Package which contains information regarding (note that the permittee is 
required to complete and submit an “Annual” rather than a “Semiannual” report): 

 
i. An updated listing of the permittee's industrial users (including information 

required pursuant to 403.12(i)(1) (e.g., deletions and additions, categorical 
standards applied, local standards more stringent than categorical standards, 
and standards applied to each industrial user). 
 

ii. Results of sampling of the influent and effluent of the wastewater treatment 
plant. At least semiannually during each calendar year, the permittee shall 
analyze the wastewater treatment plant influent and effluent for the following 
pollutants, using the prescribed sampling procedures: 

 
Pollutant 
 

Sample Type 

chromium, trivalent 24-hour composite 
chromium, hexavalent 24-hour composite 
copper  24-hour composite 
lead 24-hour composite 
nickel 24-hour composite 
zinc 24-hour composite 
cadmium 24-hour composite 
mercury 24-hour composite 
silver 24-hour composite 
total phenols grab 
cyanide grab 
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If any particular pollutant is analyzed more frequently than is required, the 
permittee shall report the maximum and average values in its annual report. All 
upsets, interferences, and pass-through violations must also be reported in the 
annual report, the actions that were taken to determine the causes of the 
incidents, and the steps taken to prevent the incidents from recurring. 

 
At least once during the term of the permit, the permittee shall analyze the 
effluent from the STP (and report the results in the corresponding annual report) 
for the following pollutants: 

 
chromium, total silver phthalates, sum of the following: 
copper benzene bis (2-ethylhexyl) phthalate 
lead carbon tetrachloride butyl benzylphthalate 
nickel chloroform di-n-butylphthalate 
zinc ethylbenzene diethyl phthalate 
cadmium methylene chloride tetrachloroethylene 
mercury naphthalene toluene 
phenols, total 1,1,1 trichloroethane trichloroethylene 
cyanide 1,2 trans-dichloroethylene chromium, hexavalent 
  chromium, trivalent 

 
iii. Compliance with categorical and local standards, and review of industrial 

compliance, which includes a summary of the compliance status for all 
permitted industries. Also included is information on the number and type of 
major violations of pretreatment regulations, and the actions taken by the 
POTW to obtain compliance. The effluent from all significant industrial users 
must be analyzed for the appropriate pollutants at least once per reporting 
period. 

 
iv. A list of industries in significant non-compliance as published in local 

newspapers in accordance with the requirements set forth in 40 CFR 
403.8(f)(2)(viii). 
 

v. A description of all substantive changes made to the permittee's 
pretreatment program. Any such changes shall receive prior approval. 
Substantive changes include, but are not limited to, any change in any 
ordinance, major modification in the program's administrative structure, local 
limits, or a change in the method of funding the program. 
 

vi. Summary of permittee's industrial user inspections, which includes 
information on the number and type of industry inspected. All significant 
industrial users must be inspected at least once per year. 

 
3.3. SLUDGE MANAGEMENT PRACTICES 
 

a. The permittee must comply with 40 CFR 503 et seq. Sludge shall be sampled 
and analyzed at a frequency dependant both on the amount of sludge generated 
annually and on the disposal practice utilized. Whenever sampling and analysis 
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are required by 40 CFR 503, the permittee shall report to the division the 
quantitative data for the following parameters: 

 
 1) Arsenic  7) Nickel 
 2) Cadmium  8) Selenium    
 3) Copper  9) Zinc 
 4) Lead 10) Nitrite plus Nitrate, NO2, + NO3 as N 
 5) Mercury 11) Total Kjeldahl Nitrogen, as N 
 6) Molybdenum 12) Ammonia, NH3, as N  

 
This sludge analysis must be submitted by February 19th of each calendar year. 
This information shall be submitted to the Division of Water Pollution Control, 
Central Office, 401 Church Street, 6th Floor Annex, Nashville TN 37243-1534, 
Attention: Sludge Coordinator, Municipal Facilities Section. 

 
b. Land application of sludge shall halt immediately if any of the following 

concentrations are exceeded: 
 

POLLUTANT CONCENTRATION 
(mg/kg1) 

 POLLUTANT CONCENTRATION 
(mg/kg1) 

Arsenic 75  Mercury 57 
Cadmium 85  Molybdenum 75 
Zinc 7500  Nickel 420 
Copper 4300  Selenium 100 
Lead 840    

 
1) Concentration on a Dry Weight Basis 

 
Monthly average pollutant concentrations shall not exceed Table 3 of 40 CFR 
§503.13. If they are exceeded cumulative pollutant loading rates are to be 
calculated and recorded and shall not exceed Table 2 of 40 CFR §503.13 for the 
life of the land application site. 

 
c. If land application is the final disposition of the wasted sludge, the permittee shall 

provide pathogen reduction, sludge stabilization and comply with land and crop 
usage controls as listed in 40 CFR Part 503, as authorized by the Clean Water 
Act. Records must be maintained by the permittee that indicate compliance or 
non-compliance with this rule. If the permittee is required to report to EPA, 
copies of all reports should be sent to the division, at the address listed in 
paragraph 1 of this section. 

 
d. Before land applying municipal sludge the permittee must obtain approvals for 

each site(s) in writing from the division using the latest revision of Guidelines for 
Land Application or Surface Disposal of Biosolids, unless the sludge being land 
applied meets the pollutant concentrations of 40 CFR 503.13(b)(3), the Class A 
pathogen requirements in 40 CFR 503.32(a), and one of the vector attraction 
reduction requirements in 40 CFR 503.33 (b)(1) through (b)(8). 
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e. Reopener: If an applicable "acceptable management practice" or numerical 
limitation for pollutants in sewage sludge promulgated under Section 405(d)(2) of 
the Clean Water Act, as amended by the Water Quality Act of 1987, is more 
stringent than the sludge pollutant limit or acceptable management practice in 
this permit, or controls a pollutant not limited in this permit, this permit shall be 
promptly modified or revoked and reissued to conform to the requirements 
promulgated under Section 405(d)(2). The permittee shall comply with the 
limitations by no later than the compliance deadline specified in the applicable 
regulations as required by Section 405(d)(2) of the Clean Water Act. 

 
f. Notice of change in sludge disposal practice: The permittee shall give prior 

notice to the director of any change planned in the permittee's sludge disposal 
practice. If land application activities are suspended permanently and sludge 
disposal moves to a municipal solid waste landfill, the permittee shall contact the 
local Division of Solid Waste Management office address for other permitting 
and approvals (see table below): 

 
Division of Solid Waste Management 

Office  Location  Zip Code Phone No. 
Chattanooga 540 McCallie Avenue, Suite 550 37402-2013 (423) 634-5745 
Jackson 1625 Hollywood Drive 38305 (731) 512-1300 
Cookeville 1221 South Willow Avenue 38506 (931) 432-4015 
Columbia 1421 Hampshire Pike 38401 (931) 380-3371 
Johnson City 2305 Silverdale Road 37601 (423) 854-5400 
Knoxville 2700 Middlebrook Pike, Suite 220 37921 (865) 594-6035 
Memphis 8383 Wolf Lake Dr., Bartlett 38133 (901) 371-3000 
Nashville 711 R.S. Gass Boulevard 37243-1550 (615) 687-7000 

 
 
3.4. BIOMONITORING REQUIREMENTS 
 

Pursuant to the Outfall 001 treated effluent monitoring presented in this permit, 
Section 1.1, the permittee shall complete 48-hour LC  (acute toxicity testing 
annually) 

Additionally, the permittee shall provide the division its permit renewal 
application at least four IC

Based on the permittee’s written request and with prior 
division written approval, Mississippi River dilution water may be used for the acute 
and chronic whole effluent toxicity testing.) 
 

3.4.1.   48-Hour LC  Acute Biomonitoring Requirements 
 

The permittee shall conduct a 48-hour static acute toxicity test on two test species 
on samples of final effluent from Outfall 001 within 120 days from the permit’s 
effective date. The test species to be used are Water Fleas (Ceriodaphnia dubia) 
and Fathead Minnows (Pimephales promelas). The measured endpoint for toxicity 
will be the concentration causing 50% lethality (LC ) of the test organisms. The LC  
shall be determined based on a 50% lethality as compared to the controls, and as 
derived from linear interpolation. 
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Tests shall be conducted and results reported based on appropriate replicates of a 
total of five serial dilutions and a control, using the percent effluent dilutions as 
presented in the following table: 

 
Treated Effluent Serial Dilutions for 48-Hour LC50 Acute  

Whole Effluent Toxicity (WET) Testing 
% Effluent 

100 50 25 12.5 6.25 0 
 

 
The dilution/control water used will be hard water as described in Methods for 
Measuring the Acute Toxicity of Effluents to Freshwater and Marine Organisms, 
EPA-821-R-02-012 (or the most current edition). An acute standard reference 
toxicant quality assurance test shall be conducted with each species used in the 
toxicity tests and the results submitted with the discharge monitoring report. 
Additionally, the analysis of this multi-concentration test shall include review of the 
concentration-response relationship to ensure that calculated test results are 
interpreted appropriately.  
 
All tests shall be conducted using four separate grab samples of final effluent, to be 
used in four separate tests, and shall be collected at evenly spaced (6-hour) 
intervals over a 24-hour period. The minimum 48-hr LC  value (maximum acute 
toxicity) for the four separate tests shall be reported (for each species).  
 
The test control (i.e., dilution water only) results will be considered a failure and its 
results invalid, if more than 10% of the test organisms die in 48 hours, and the test 
shall be repeated within two (2) weeks. Furthermore, if the results do not meet the 
acceptability criteria in Methods for Measuring the Acute Toxicity of Effluents to 
Freshwater and Marine Organisms, EPA-821-R-02-012 (or the most current edition), 
if the required concentration-response review fails to yield a valid relationship per 
guidance contained in Method Guidance and Recommendations for Whole Effluent 
Toxicity (WET) Testing, EPA-821-B-00-004 (or the most current edition), that test 
shall be repeated within 2 weeks. Any test initiated, but terminated before 
completion must also be reported along with a complete explanation for the 
termination. 

 
In the event of a test control failure, the permittee must start a follow-up test within 2 
weeks and submit results from a follow-up test within 30 days from obtaining initial 
WET testing results. The follow-up test must be conducted using the same serial 
dilutions as presented above. The follow-up test will not negate an initial failed test.  
 
Test procedures, quality assurance practices and determination of effluent lethality 
values will be made in accordance with Methods for Measuring the Acute Toxicity of 
Effluents to Freshwater and Marine Organisms, EPA-821-R-02-012, or the most 
current edition. 

 
Results of all tests, reference toxicant information, copies of raw data sheets, 
statistical analysis and chemical analysis shall be compiled in a report. The report 
shall be written in accordance with Methods for Measuring the Acute Toxicity of 
Effluents to Freshwater and Marine Organisms, EPA-821-R-02-012, or the most 
current edition. 
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Two copies of biomonitoring reports (including follow-up reports) shall be submitted 
to the division. One copy of the report shall be submitted along with the discharge 
monitoring report (DMR). The second copy shall be submitted to the local Division of 
Water Pollution Control office address (see table below): 

 
TENNESSEE DEPT. OF ENVIRONMENT & CONSERVATION 

DIVISION OF WATER POLLUTION CONTROL 
MEMPHIS ENVIRONMENTAL FIELD OFFICE 

8383 WOLF LAKE DRIVE 
BARTLETT TN  38133 

 
 

3.4.2.    Chronic Biomonitoring Requirements (For Permit Renewal Application)  
 
For its permit renewal application, the permittee shall conduct four separate IC25 
tests. Each test must be based on the 3-Brood Water Fleas (Ceriodaphnia dubia) 
survival and reproduction test) and the 7-Day Fathead Minnows (Pimephales 
promelas) larval survival and growth test using Outfall 001 final effluent samples.  
 
The measured endpoint for toxicity will be the inhibition concentration causing 25% 
reduction in survival, reproduction and growth (IC25) of the test organisms. The IC25 
shall be determined based on a 25% reduction as compared to the controls, and as 
derived from linear interpolation. The average reproduction and growth responses 
will be determined based on the number of Ceriodaphnia dubia or Pimephales 
promelas larvae used to initiate the test.  

 
Test shall be conducted and its results reported based on appropriate replicates of a 
total of five serial dilutions and a control, using the percent effluent dilutions as 
presented in the following table: 
 

Treated Effluent Serial Dilutions for Chronic  
Whole Effluent Toxicity (WET) Testing 

% Effluent 
100 50 25 12.5 6.25 0 

 
The dilution/control water used will be hard water as described in Short-Term 
Methods for Estimating the Chronic Toxicity of Effluents and Receiving Water to 
Freshwater Organisms, EPA-821-R-02-013 (or the most current edition). A chronic 
standard reference toxicant quality assurance test shall be conducted with each 
species used in the toxicity tests and the results submitted with the discharge 
monitoring report. Additionally, the analysis of this multi-concentration test shall 
include review of the concentration-response relationship to ensure that calculated 
test results are interpreted appropriately. 
 
All tests will be conducted using a minimum of three 24-hour flow-proportionate 
composite samples of final effluent collected on days 1, 3 and 5. If, in any control 
more than 20% of the test organisms die in 7 days, the test (control and effluent) is 
considered a test control failure and invalid, and the test shall be repeated within two 
(2) weeks. Furthermore, if the results do not meet the acceptability criteria in Short-
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Term Methods for Estimating the Chronic Toxicity of Effluents and Receiving Water 
to Freshwater Organisms, EPA-821-R-02-013 (or the most current edition), or if the 
required concentration-response review fails to yield a valid relationship per 
guidance contained in Method Guidance and Recommendations for Whole Effluent 
Toxicity (WET) Testing, EPA-821-B-00-004 (or the most current edition), that test 
shall be repeated. Any test initiated but terminated before completion must also be 
reported along with a complete explanation for the termination. 

 
In the event of a test control failure, the permittee shall start a follow-up test within 2 
weeks and submit results from a follow-up test within 30 days from obtaining initial 
WET testing results. The follow-up test must be conducted using the same serial 
dilutions as presented in the corresponding table above. The follow-up test will not 
negate an initial failed test.  
 
Test procedures, quality assurance practices, determinations of effluent 
survival/reproduction and survival/growth values, and report formats will be made in 
accordance with Short-Term Methods for Estimating the Chronic Toxicity of Effluents 
and Receiving Water to Freshwater Organisms, EPA-821-R-02-013, or the most 
current edition. 
 
Results of all tests, reference toxicant information, copies of raw data sheets, 
statistical analysis and chemical analyses shall be compiled in a report. The report 
will be written in accordance with Short-Term Methods for Estimating the Chronic 
Toxicity of Effluents and Receiving Water to Freshwater Organisms, EPA-821-R-02-
013, or the most current edition. 
 
Three copies of biomonitoring reports (including follow-up reports) shall be submitted 
to the division, included with the permittee’s permit renewal application  
 

3.5 VISUAL OUTFALL OBSERVATIONS 
 

On a daily basis, when safety considerations reasonably permit a person to stand of 
top of the outfall structure, an observation shall be made and noted in an operations 
log, which would be maintained on site. The operations log should allow the operator 
to check the following boxes: 
 

 Unsafe to make observation (yes/no) 
 
Only if the answer to the above question is no, answer the following: 
 

 Floatables present (yes/no) 
 Scum present (yes/no) 
 Foam present (yes/no) 
 Oily slick present (yes/no) 
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3.6. OUTFALL 001 TREATED EFFLUENT E.  COMPLIANCE ELEMENTS AND 
SCHEDULE 

 
The following schedule provides the treated effluent E.coli disinfection work tasks, 
milestones and schedule: 
 

Disinfection Compliance Schedule

Milestone (a) Submittal/ Task Division
Completion Duration (c) Review Per Task Overall

(b) (Months) (Months) (Months) (Months)

1.  Develop disinfection investigation work plan
Disinfection Work Plan No. 1 2 0.5 2.5 2.5

2.  Conduct disinfection investigation (non-chlorination based)
Disinfection Report (if chlorination not selected) No. 2A  (d) 6 0.5 6.5 9

3.  Conduct chlorination disinfection Investigation
Chlorination Disinfection Report No. 2B (d) 6 0.5 6.5 15.5

4.  Develop Disinfection Report
Disinfection Report (if chlorination selected) No. 2C (d) 3 0.5 3.5 19

5.  Design Disinfection System
Disinfection System Plans and Specs No. 3 12 0.5 12.5 31.5

6.  Develop Bid Documents/Bid
Bidding No. 4 4 0.5 4.5 36

7.  Disinfection System Facilities Construction
Construction No. 6 18 0.5 18.5 54.5

8.  Disinfection System Startup/Achieve Permit Limits
Functional Disinfection System No. 7 3 0.5 3.5 58

Total 54 4 58
(a)  The permittee must provide the division written progress notification within 14 days of each milestone and specifically address whether permit’s compliance 
       requirements were achieved.
(b)  The permittee shall provide the division with a written progress status report every 6 months pursuant this disinfection compliance schedule starting with the 
       permit's effective date.
(c)  Duration assuming sequential work task processing based on permit's effective date.
(d)  As appropriate the Nos. 2A, 2B and 2C submittals must address results from the dechlorination investigations, antidegradation evaluations, and determinations 
      as required pursuant to Section 3.6.1.

Work Task Total (c)

 
 
As shown in the above schedule, the permittee shall provide the division with a 
disinfection report that includes antidegradation documentation, including 
alternatives analyses, for any newly-formed Outfall 001 contaminants expected to be 
present above a de minimis amount. 

 
3.6.1. Additional Permittee Submittals (If Chlorination Disinfection System Selected) 
 

Permittee must provide the division with the types/amounts of specific chlorinated 
byproducts species to be in the Outfall 001 treated effluent and how newly-
generated byproducts are related to TRC according to the compliance schedule 
provided in the table above (section 3.6). 
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3.7. PLACEMENT OF SIGNS 
 

Within sixty (60) days of the effective date of this permit, the permittee shall place 
and maintain signs at the Outfall 001 treated effluent discharge point to the Cooling 
Water Channel, confluence with the Mississippi River, and any bypass/overflow point 
in the collection system. For the purposes of this requirement, any bypass/overflow 
point that has discharged five (5) or more times in the last year must be so posted. 
The sign(s) should be clearly visible to the public from the bank and the receiving 
stream. The minimum sign size should be two feet by two feet (2' x 2') with one-inch 
(1") letters. The sign should be made of durable material and have a white 
background with black letters. 
 
The signs are to provide notice to the public as to the nature of the discharge and, in 
the case of the permitted outfalls, that the discharge is regulated by the Tennessee 
Department of Environment and Conservation, Division of Water Pollution Control.  
 
NPDES Permitted CSO or Unpermitted Bypass/Overflow Point: 

 
UNTREATED SANITARY SEWER OVERFLOW WASTEWATER 
DISCHARGE POINT 
Memphis - T.E. Maxson STP  
(901) 576-4300 
NPDES Permit NO. TN0020729 
TENNESSEE DIVISION OF WATER POLLUTION CONTROL 
1-888-891-8332 ENVIRONMENTAL FIELD OFFICE - Memphis 

 
NPDES Permitted Municipal/Sanitary Outfall 001: 

 
 OUTFALL 001 DISCHARGE IS NON-DISINFECTED TREATED 
INDUSTRIAL/MUNICIPAL WASTEWATER WITH ELEVATED E. coli  
 Memphis-T.E. Maxson STP 
 (901) 576-4300 
 NPDES Permit NO. TN0020729 
 TENNESSEE DIVISION OF WATER POLLUTION CONTROL 
 1-888-891-8332 ENVIRONMENTAL FIELD OFFICE - Memphis 

 
No later than sixty (60) days from the permit’s effective date, the permittee shall 
have the above sign(s) on display at locations specified by the division’s WPC 
Memphis Environmental Field Office. 
 

3.8. WASTEWATER TREATMENT FACILITIES INTEGRITY EVALUATION 
 

Within eighteen months from the permit’s effective date the permittee shall submit to 
TDEC’s Nashville Central and Environmental Field Offices (Division of Solid Waste 
Management and Division of Water Pollution Control – Permit Section) a report 
which addresses the structural integrity of any earthen basins associated with its 
wastewater treatment facilities including any waterborne wastes and sludge 
storage/disposal units that are constructed of earthen material.  
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The structural integrity evaluation shall be completed by a professional engineer 
licensed in the State of Tennessee, an environmental management professional, or 
other expert who is qualified by education and/or experience to perform and/or 
oversee such evaluations. The report shall document that the permittee has 
evaluated the unit’s structural integrity and shall include the permittee’s planned 
structural integrity improvements, if warranted. The report shall also address 
measures implemented and planned by the permittee as appropriate to reduce the 
chances that said wastewater treatment facilities/units failure would result in an 
uncontrolled discharge to the receiving stream(s) under normal conditions.     
 
Structural integrity evaluations of earthen basins and/or surface impoundments 
performed for compliance with other regulatory programs (e.g., Hazardous Waste 
Management under 1200-1-11, Solid Waste Management under 1200-1-7, or the 
Safe Dams Act) satisfy the provisions of this permit requirement. 

 
3.9. ANTIDEGRADATION 

 
Tennessee’s Antidegradation Statement per Rule 1200-4-3-.06 provides for 
protecting existing receiving stream uses. The rule states that: 
 

“Where the quality of Tennessee waters is better than the level necessary to 
support propagation of fish, shellfish, and wildlife, and recreation in or on the 
water, that quality will be maintained and protected unless the state finds that, 
after intergovernmental coordination and public participation, that lowering 
water quality is necessary to accommodate important economic or social 
development in the area in which the waters are located.” 

 
Evaluation of compliance with this rule shall be made on an individual parameter 
(pollutant) basis considering such factors as: 

 The discharge quantity and/or pollutant loading represents a new condition, 
an expanded condition, or an existing condition; 

 The receiving stream has unavailable conditions (is at or exceeds water 
quality criteria), available conditions (quality is better than the water quality 
criteria) or is defined as an Exceptional Tennessee Water or Outstanding 
Natural Resource Water; 

 The discharge impact on the assimilative capacity of the receiving stream is 
considered de minimis or not de minimis. 

 
The Mississippi River is considered an Exceptional Tennessee Water due to the 
presence of the federal endangered Pallid Sturgeon and the state threatened Blue 
Sucker. The T.E. Maxson STP is an existing discharger and this permit renewal 
includes no new or expanded flow quantity or pollutant loadings. Therefore, the 
discharge allowed by this permit is determined not to cause degradation and is not 
subject to alternatives analysis or socio-economic consideration required under the 
antidegradation rule. No future increase in design flow or pollutant loading will be 
allowed without compliance with the above analysis requirements and a 
determination that such increase is consistent with the above antidegradation rule. 
However, if the new end-of-pipe disinfection system will result in newly-formed 
Outfall 001 discharge contaminants above a de minimis amount (e.g., chlorinated 
byproducts if chlorination disinfection system used) the permittee must provide the 
division with appropriate antidegradation information. 
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4.0. DEFINITIONS, ACRONYMS AND ABBREVIATIONS 
 ____________________________________________________________________________  
 
4.1. DEFINITIONS 
 

A "bypass" is defined as the intentional diversion of waste streams from any portion 
of a treatment facility. 
 
A “calendar day” is defined as the 24-hour period from midnight to midnight or any 
other 24-hour period that reasonably approximates the midnight to midnight time 
period. 
 
A "composite sample" is a combination of not less than 4 influent or effluent 
portions, of at least 100 ml, collected over a 24-hour period. Under certain 
circumstances a lesser time period may be allowed, but in no case, less than 8 
hours.  
 
The "daily maximum concentration" is a limitation on the average concentration in 
units of mass per volume (e.g. milligrams per liter), of the discharge during any 
calendar day. When a proportional-to-flow composite sampling device is used, the 
daily concentration is the concentration of that 24-hour composite; when other 
sampling means are used, the daily concentration is the arithmetic mean of the 
concentrations of equal volume samples collected during any calendar day or 
sampling period. 
 
“Degradation” means the alteration of the properties of waters by the addition of 
pollutants or removal of habitat. Alterations not resulting in the condition of pollution 
that are of a temporary nature or those alterations having de minimis impact (not 
measurable or less than 5 percent loss of assimilative capacity) will not be 
considered degradation. Degradation will not be considered de minimis if a 
substantial loss (more than 50 percent) of assimilative capacity has already 
occurred. 
 
“Discharge” or “discharge of a pollutant” refers to the addition of pollutants to waters 
from a source. 
 
A “dry weather overflow” is a type of sanitary sewer overflow and is defined as one 
day or any portion of a day in which unpermitted discharge of wastewater from the 
collection or treatment system other than through the permitted outfall occurs and is 
not directly related to a rainfall event. Discharges from more than one point within a 
24-hour period shall be counted as separate overflows. 
 
An “ecoregion” is a relatively homogeneous area defined by similarity of climate, 
landform, soil, potential natural vegetation, hydrology, or other ecologically relevant 
variables. 
 
The "geometric mean" of any set of values is the nth root of the product of the 
individual values where “n” is equal to the number of individual values. The 
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geometric mean is equivalent to the antilog of the arithmetic mean of the logarithms 
of the individual values. For the purposes of calculating the geometric mean, values 
of zero (0) shall be considered to be one (1).  
 
A "grab sample" is a single influent or effluent sample collected at a particular time. 
  
The "instantaneous maximum concentration" is a limitation on the concentration, 
in milligrams per liter, of any pollutant contained in the wastewater discharge 
determined from a grab sample taken from the discharge at any point in time. 
 
The "instantaneous minimum concentration" is the minimum allowable 
concentration, in milligrams per liter, of a pollutant parameter contained in the 
wastewater discharge determined from a grab sample taken from the discharge at 
any point in time. 
 
The "monthly average amount", shall be determined by the summation of all the 
measured daily discharges by weight divided by the number of days during the 
calendar month when the measurements were made. 
 
The "monthly average concentration", other than for E. coli bacteria, is the 
arithmetic mean of all the composite or grab samples collected in a one-calendar 
month period. 
 
A “one week period” (or “calendar-week”) is defined as the period from Sunday 
through Saturday. For reporting purposes, a calendar week that contains a change 
of month shall be considered part of the latter month. 

Pollutan means sewage, industrial wastes, or other wastes
 
A "quarter" is defined as any one of the following three-month periods: January 1 
through March 31, April 1 through June 30, July 1 through September 30, and/or 
October 1 through December 31. 
 
A "rainfall event" is defined as any occurrence of rain, preceded by 10 hours 
without precipitation that results in an accumulation of 0.01 inches or more. 
Instances of rainfall occurring within 10 hours of each other will be considered a 
single rainfall event. 
 
A “rationale” (or “fact sheet”) is a document that is prepared when drafting a 
NPDES permit or permit action. It provides the technical, regulatory and 
administrative basis for an agency’s permit decision. 
 
A “reference site” means least impacted waters within an ecoregion that have been 
monitored to establish a baseline to which alterations of other waters can be 
compared. 
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A “reference condition” is a parameter-specific set of data from regional reference 
sites that establish the statistical range of values for that particular substance at 
least-impacted streams. 
 
A “sanitary sewer overflow (SSO)” is defined as an unpermitted discharge of 
wastewater from the collection or treatment system other than through the permitted 
outfall. 
 
“Sewage” means water-carried waste or discharges from human beings or animals, 
from residences, public or private buildings, or industrial establishments, or boats, 
together with such other wastes and ground, surface, storm, or other water as may 
be present. 
 
“Severe property damage” when used to consider the allowance of a bypass or 
SSO means substantial physical damage to property, damage to the treatment 
facilities which causes them to become inoperable, or substantial and permanent 
loss of natural resources which can reasonably be expected to occur in the absence 
of a bypass or SSO. Severe property damage does not mean economic loss caused 
by delays in production. 
 
“Sewerage system” means the conduits, sewers, and all devices and 
appurtenances by means of which sewage and other waste is collected, pumped, 
treated, or disposed. 
 
A “subecoregion” is a smaller, more homogenous area that has been delineated 
within an ecoregion. 
 
“Upset” means an exceptional incident in which there is unintentional and temporary 
noncompliance with technology-based effluent limitations because of factors beyond 
the reasonable control of the permittee. An upset does not include noncompliance to 
the extent caused by operational error, improperly designed treatment facilities, 
inadequate treatment facilities, lack of preventive maintenance, or careless or 
improper operation. 
 
The term, “washout” is applicable to activated sludge plants and is defined as loss 
of mixed liquor suspended solids (MLSS) of 30.00% or more from the aeration 
basin(s). 
 
“Waters” means any and all water, public or private, on or beneath the surface of 
the ground, which are contained within, flow through, or border upon Tennessee or 
any portion thereof except those bodies of water confined to and retained within the 
limits of private property in single ownership which do not combine or effect a 
junction with natural surface or underground waters. 
 
The "weekly average amount", shall be determined by the summation of all the 
measured daily discharges by weight divided by the number of days during the 
calendar week when the measurements were made. 
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The "weekly average concentration", is the arithmetic mean of all the composite 
samples collected in a one-week period. The permittee must report the highest 
weekly average in the one-month period. 
 

4.2. ACRONYMNS AND ABBREVIATIONS 
 

1Q10 – 1-day minimum, 10-year recurrence interval 
30Q5 – 30-day minimum, 5-year recurrence interval 
7Q10 – 7-day minimum, 10-year recurrence interval 
BAT – best available technology economically achievable 
BCT – best conventional pollutant control technology 
BDL – below detection level 
BOD5 – five day biochemical oxygen demand 
BPT – best practicable control technology currently available 
CBOD5 – five day carbonaceous biochemical oxygen demand 
CEI – compliance evaluation inspection 
CFR – code of federal regulations 
CFS – cubic feet per second 
CFU – colony forming units 
CIU – categorical industrial user 
CSO – combined sewer overflow 
DMR – discharge monitoring report 
D.O. – dissolved oxygen 
E. coli – Escherichia coli 
EFO – environmental field office 
LB (lb) - pound 
IC25 – inhibition concentration causing 25% reduction in survival, reproduction and 
growth of the test organisms 
IU – industrial user 
IWS – industrial waste survey 
LC50 – acute test causing 50% lethality 
MDL – method detection level 
MGD – million gallons per day 
MG/L (mg/l) – milligrams per liter 
ML – minimum level of quantification 
ml – milliliter 
MLSS – mixed liquor suspended solids 
MOR – monthly operating report 
NODI – no discharge 
NOEC – no observed effect concentration 
NPDES – national pollutant discharge elimination system 
PL – permit limit 
POTW – publicly owned treatment works 
RDL – required detection limit 
SAR – semi-annual [pretreatment program] report 
SIU – significant industrial user 
SSO – sanitary sewer overflow 
STP – sewage treatment plant 
TCA – Tennessee code annotated 
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TDEC – Tennessee Department of Environment and Conservation 
TIE/TRE – toxicity identification evaluation/toxicity reduction evaluation 
TMDL – total maximum daily load 
TRC – total residual chlorine 
TSS – total suspended solids 
WQBEL – water quality based effluent limit 
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ADDENDUM TO RATIONALE 

 ____________________________________________________________________________  
Memphis-T.E. Maxson STP 

NPDES Permit No. TN0020729 
Permit Writer: Gary Davis 

 
This Addendum to Rationale includes the draft permit written comments (provided in the 
following appendices). To finalize the new permit, the division has abbreviated the comments 
and provided a response presented in bold italics font. The Rationale cannot be changed as a 
result of comments received during the public notice period. This “Addendum to Rationale” 
provides the basis for augmenting the draft permit’s “Rationale” and finalizing the new permit.  

 
A1. Permit Expiration Date should be 5 years from the issuance date – the division agrees 

and the new permit is issued on a 5 year term. 
 
A2. Section 1.1 – BOD & TSS – monthly and weekly mass limits are not necessary – the 

division agrees with the permittee’s request; minimum percent removal of BOD 
and TSS on a monthly average and daily basis will be retained in the final permit. 

 
A3. Section 1.1 – E. coli Permit Limits – daily max should not be required since there’s no 

bathing beach downstream of discharge – the division considers a daily maximum E. 
coli discharge limit to be appropriate since the relevant water quality 
requirements are for all receiving stream recreational usages. As such, the E. coli 
discharge limits are not subject to the existence of downstream bathing beaches. 

 
A4. Section 1.1 – Effective Date of E. coli Permit Limits and Monitoring Requirements - per 

permit footnote, must comply with limits within 36 months which does not say no 
monitoring required. Memphis wants “During the interim period, there are no E. coli 
limitations nor monitoring requirements.” – the division considers its E. coli database 
to be very limited and E. coli monitoring will be required pursuant the new permit. 
E. coli discharge limits will be applicable following the permittee’s disinfection 
system installation/startup/stabilization period. The permittee must inform the 
division in writing that it disinfection system is functional and it treated effluent is 
subject to the new permit’s E. coli discharge limits. 

 
A5.  Section 1.1 – Total Residual Chlorine or Oxidant Limits – premature to include TRC or 

TRO limits – wants limits removed/reopener for appropriate limit based on selected 
disinfectant & TRC calculated acute & chronic -> not TDEC’s std technology–based 
TRC of 2.0 mg/L. – the division has finalized the permit to provide for its reopening 
for the inclusion of appropriate discharge parameter(s) limits/monitoring 
requirements pursuant to the specific disinfection system selected. Reopening 
the permit is subject to the division’s applicable public participation procedures. 

 
A6. Section 1.1 – Addition of Benzidine and Hexachlorobenzene Monitoring – no basis for 

including parameters in permit. – the division has finalized the new permit to include 
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annual monitoring requirements for Outfall 001 treated effluent benzidine and 
hexachlorobenzene. Benzidine is used in some dyes/pigments 
manufacturing/usage and the permittee has many relevant industrial users, which 
may be discharging benzidine. Hexachlorobenzene can be formed as a byproduct 
during solvents, pesticides and other chemicals manufacturing, and is required to 
be limited pursuant to OSPSF categorical pretreatment standards for toxic 
pollutants. The permittee has many industrial dischargers subject to OSPSF 
categorical pretreatment standards. 

 
A7. Section 1.1- Addition of Visual Outfall Observations – daily observations to include 

“distinctly visible matter and/or objectionable instream color” standard is vague and 
subjective. Therefore, if not unsafe and if outfall pipe is not underwater, record yes/no 
for presence of floatables, scum, foam, oily slick. – the division agrees with the 
permittee request and the monitoring requirements are described in section 3.5 of 
the final permit. 

 
A8. Section 1.1 - Addition of Effluent Flow Monitoring – current permit influent only, effluent 

monitoring considered unnecessary and extremely difficult/expensive. – the current 
permit does include influent monitoring, however, per its Part I.B.1 the current 
permit also includes the following requirement: “Appropriate flow measurement 
devices and methods consistent with accepted scientific practices shall be 
selected and used to insure the accuracy and reliability of measurements of the 
volume of monitored discharges. The devices shall be installed, calibrated and 
maintained to insure that the accuracy of the measurements are consistent with 
accepted capability of that type of device. Devices selected shall be capable of 
measuring flows with a maximum deviation of less than plus or minus 10% from 
the true discharge rates throughout the range of expected discharge volumes.” 
As such, the new permit includes a requirement for the permittee to investigate 
the correlation between the “actual” influent and effluent flow rates. The 
permittee must determine options for actually monitoring effluent flow. The 
division understands that the permittee currently considers its influent flow rate 
to represent its effluent value. The permittee must submit to the division its 
influent/effluent flow report, including recommendations within 6 months from the 
new permit’s effective date, upon which the division may reopen the permit for 
modification. The new permit’s reopener clause was supplemented with the prior 
sentence to allow the division to make permit modifications if warranted, based 
on the permittee’s influent/effluent flow report. 

 
A9. Section 1.1 – TRC Monitoring, p. 3 – would include H2O2 as other oxidants – too broad 

(want when chlorine, bromine or other halogenated oxidants added). – the new 
permit’s reopener clause was changed to allow the division to account for the 
permittee’s selected disinfection system and make appropriate permit 
adjustments. 

 
A10. Section 1.1 - Narrative standards, p. 3 – color/foam and other visible materials – related 

to designated uses and cannot omit qualifying language (e.g., “considering the nature 
and location of the water”) – thus, TDEC - incumbent to include numerical color limit(s) 
and if not feasible then BMPs. – the division must apply narrative standard 
consistent with its rules for all permittees. Certainly, equivalent/more stringent 
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permitting requirements can be applicable per the specific situation, e.g., to 
provide for warranted water quality improvements. 

 
A12. Section 1.2.1.a – BOD5 effluent sampling location p. 5 – permittee wants to be able to 

collect final effluent BOD5 sample before disinfection for any disinfectant used. – 
Section 1.2.1.(a) of the final permit states: “If chlorination is used for disinfection, 
final effluent BOD5 samples can be collected before disinfection to avoid having 
to dechlorinate and seed the samples. If a non-chlorination-based oxidation 
process is used for effluent disinfection, the permittee shall use BOD5 testing 
procedures approved by the division for its treated effluent analyses.” 

 
A13. Section 1.2.3.a – mercury and methyl mercury analytical methods – requires non-routine 

techniques and additional expenses – considers it on-going research. – The designated 
uses of the receiving stream are not fully supported due to mercury in fish tissue. 
For that reason, the new permit simply requires annual monitoring of mercury and 
methyl-mercury. 

 
A14. Section 1.2.3.a – PCBs analytical method – low detection method not warranted as 

PCBs not found in 9 years of annual monitoring/not manufactured/used in US for 
decades. – The designated uses of the receiving stream are not fully supported 
due to presence of PCBs in the sediment and is subject to TMDL requirements. A 
more sensitive analytical method is required in order to confirm that facility is not 
contributing PCBs to the receiving stream. 

 
A15. Reporting requirements –Section 1.3.5.1 summary report to ID number of sanitary 

sewer overflows, dry weather overflows and in-plant bypasses and basement backups 
separately. DMR reporting only provides for sanitary sewer overflows, dry weather 
overflows and in-plant bypasses. “Suspected” instances should be deleted. – The 
division agrees to include a “Sewer Backups to Buildings” monitoring parameter 
in the new permit. The “Suspected” permit provision will be retained, since the 
division considers the requirement to be consistent with its other permits. The 
overflow permit language will not be based on a single rain event, as proposed by 
the permittee. 

 
A16 Section 1.5 – Reopener provisions – unclear why TDEC may want to be able to reopen 

permit to make changes to E. coli compliance schedule. – The language regarding E. 
Coli compliance schedule has been removed from the reopener provision. 

 
A17. Section 2.1.4 Proper Operation and Maintenance, p. 10 – the “standard” permit 

condition regulation does not address the “collection” system and can’t be 
referenced/included since this would amount to a change from “standard”. – The 
collection system is considered an integral part of the POTW. This language is 
consistent with all other municipal permits and will remain in the final permit. 

 
A18. Section 2.3.2 Reporting of Noncompliance, p. 13 – notification to state with 24 hr for 

“…threat to drinking water supplies, … threat to human health or the environment” - 
permittee wants clarification to note that such notice not required if overflow has been 
addressed within 24 hr. – The permit allows the permittee discretion to determine 
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whether or not non-compliance remedied within 24 hours pose a threat to human 
health and environment. 

 
A19. Section 2.3.3 – Overflow, p. 13 – overflow per rule based on “discharge” not “release” as 

in draft permit. Other “releases” not addressed by standard permit conditions nor rules. 
New permit must provide compliance schedule (requesting 20 years) if no feasible 
alternative to overflow. State has established a new zero discharge technology-based 
standard for the collection system. – The word “release” was replaced with the word 
“discharge” in the final permit. 

 
A20. Section 2.3.6.c – Bypasses, p. 16 – “All other bypasses are prohibited” should be 

changed to “All other bypasses are subject to the prohibition in subsection (b) above.” 
Which permittee notes say they are only prohibited if they do not meet the subsection 
(b)(i) through (iii) criteria. – The proposed language was included in the final permit. 

 
A21. Section 3.2(a)(ix) – Local Limit Evaluation, p. 18 – division’s pass through limits have not 

been established by regulation/should be deleted – no document explaining the 
derivation of such limits and why those are appropriate for municipalities. – The 
language in Section 3.2.(a)(ix) of the final permit was changed to state: “The 
evaluation should consider the most recent pass-through limits proposed by the 
division.”   

 
A22. Section 3.2(b)(vi) – Pretreatment, p. 18 – prohibit the IU discharge of “any priority 

pollutant in amounts that will contaminate the treatment works sludge” should be deleted 
as it is already addressed by the general prohibitions. - The language in Section 
3.2.(b)(vi) of the final permit was changed to state: “Any priority pollutant in 
amounts that will cause interference with the treatment works sludge processes, 
use or disposal.” 

 
A23. Section 3.2(c) – POTW Pretreatment Program, p. 19 – thirty day notification “If this 

discharge necessitates a revision of the NPDES permit or pass-through guidelines, 
discharge by this source is prohibited until the Tennessee Division of Water Pollution 
Control gives final authorization.” -  permittee wants quoted sentence deleted because 
no regulation basis. TDEC has failed to adopt it so-called “pass through guidelines” as a 
rule instead of using internal TDEC policy, therefore cannot be used to establish 
industrial user “violations”. – Permit modification requirements are described in TN 
Rules, Chapter 1200-4-5-.08(2), which states: “All discharges authorized by the 
permit shall be consistent with the terms and conditions of the permit; that facility 
expansions, production increases, or process modifications which result in new 
or increased discharges of pollutants must be reported by submission of a new 
application or, if such discharge does not violate effluent limitations specified in 
the permit, by submission to the commissioner of notice of such new or 
increased discharges of pollutants; that the discharge of any pollutant more 
frequently than or at a level in excess of that identified and authorized by the 
permit shall constitute a violation of the terms and conditions of the permit.” 
Therefore, the language in section 3.2(c) does not have its basis in pretreatment 
rules, but is derived from the requirement that all pollutant sources must be 
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adequately identified and authorized through an NPDES permit prior to 
commencement of discharge. 

 
 
A24. Section 3.4.1 and 3.4.2 Frequency of WET testing, pp. 23-27, wants automatic WET 

testing reduction to 2x/yr if 4 consecutive compliances reported. – the new permit 
includes report-only for WET testing, with 48-hr LC50 acute monitoring on an 
annual basis. The new permit’s IC25 WET chronic testing (scans) is for the permit 
renewal application. Therefore, the division does not consider WET monitoring 
frequency reductions to be applicable. 

 
A26. Section 3.5 (section 3.6 in the final permit) 
 

a) Bacteria compliance schedule – While the permittee agrees that compliance schedule 
for the treated effluent E. coli disinfection is necessary, the timeline should be 
reasonable so to encourage completion of project consistent with sound engineering 
practices and reflective of administrative procedures associated with a major financial 
commitment. – The division has accepted permittee’s proposed disinfection 
compliance schedule, albeit with minor modifications, so that the project 
completion is not outside of mandatory 5 year permit issuance restriction. 
Pursuant to the permittee’s request, the division agrees that a single sign at the 
Outfall 001 discharge will be required rather than the several signs as described 
in the draft permit. 

   
 b) Disinfection byproducts research (draft requests Memphis to investigate universe of 

potential halogenated compounds, rather than a proposed disinfection byproducts  list 
pursuant to known effects regarding designated river usages which are determined 
before studies are initiated and should be identified in (draft) permit. – the division 
considers newly-generated disinfection byproducts to potentially adversely 
impact the receiving stream’s water quality. Also, the byproducts may increase 
the amounts of chemicals already identified as needing additional controls (e.g., 
dioxin, and chloroform) for the receiving stream. The division requires that the 
permittee identify for its selected E. coli control method, the resulting 
types/amount of newly-generated disinfection byproducts, and corresponding 
water quality/antidegradation (pursuant to the division’s Chapter 1200-4-3-
.06(4)(f)) implications. The list of disinfection byproducts of concern should, at a 
minimum, consider pollutants with published water quality criteria (TN Rules, 
Chapter 1200-4-3). 

 
  c) effluent transport/dispersion study (Memphis studies not needed/should be deleted/no 

rationale, study requirements to vague/broad, any in-stream effluent plume definition 
should await modifications to existing outfall structure. Study monitoring plan/modeling 
approach, etc. should be defined and agreed upon and timeframe needed. – 
Considering that end-of-pipe water quality criteria is imposed on E. Coli 
(following compliance schedule) and other pollutants of concern, the division 
agrees that effluent transport/dispersion study does not have to be included in 
this permit. However, such study may be required in the next permit cycle, if 
deemed necessary. 
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d) effluent diffuser (Memphis says that based on discussion w/ACOE diffuser is not 
feasible – per July 2011 mtg w/TDEC diffuser requirement removed) – based on the 
permittee’s effluent diffuser infeasible determination the division agrees not to 
include the diffuser requirement in the new permit. Thus, “This summary must 
also address an Outfall 001 diffuser(s).” from the draft permit was not included in 
the new permit. 

 
 e) antidegradation analysis if newly-formed disinfection contaminants above de minimis  

amounts (antidegradation analysis should not be required/adding treatment. If 
antidegradation analysis is required, Memphis wants TDEC guidance for what is 
required to pass de minimis test and newly-formed contaminants to be limited to only 
Rule 1200-4-3 parameters. Memphis says TDEC agreed contaminants based on 
existing WQ per TN regulations.) – the division has finalized the permit to include 
permittee’s antidegradation assessment requirements focused on the newly-
formed chemicals which would be discharge pursuant to the permittee’s selected 
disinfection system e.g., total residual chlorine, disinfection byproducts. Certainly 
the permittee must use the water quality criteria/chemicals included based on 
narrative criteria (including human health consideration). Also, the division 
expects that the permittee must use its knowledge regarding its industrial 
discharger wastestreams in its disinfection byproducts investigations. The 
permittee must address pollutants included in TN Rules, Chapter 1200-4-3 per the 
receiving stream’s designated usages. The receiving stream is classified as an 
“Exceptional Tennessee Water” and the division’s antidegradation requirements 
are provided in Rule 1200-4-3-.06, which addresses non-degradation due to de 
minimis contaminant discharge and social/economic justification requirements 
pursuant to contaminants resulting in receiving stream degradation. The division 
may not renew/finalize a discharge permit that results in receiving stream 
pollution. 

 
EPA’s comments (as summarized by the division) and division’s responses: 
 
TDEC should clarify if Allan Steam Plant cooling water channel is “waters of the state.” – The 
division does not consider Allan Steam Plant cooling water channel to be “waters of the 
state.” 
 
Re: Section 1.1 - EPA recommends that composites instead of grabs be used for monitoring 
organic pesticide chemicals, heptachlor and total chlordane. The division agrees with EPA’s 
request. 
 
Re: Section 1.1 - EPA recommends that the division provide clarification regarding monitoring 
total mercury using composite sampling and grabs for methyl mercury. The division considers 
composite sampling for total mercury testing to be appropriate since the permittee’s 
wastewater treatment system has a relatively short hydraulic detention time and expects 
significant raw wastewater variability (due to the numerous/diverse industrial user 
wastewater inputs). Since methyl mercury is volatile, grab sampling is required. 
However, the new permit’s reopener clause has been revised to include the following 
provision:  “The permit may also be reopened if the total mercury results appear much 
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lower than expected in comparison with the methyl mercury grab data. If so, the division 
may require the permittee to determine the total mercury based on grab samples.” 
 
Re:  Section 1.1 – Total Mercury should be monitored on semi-annual basis to coincide with 
pretreatment monitoring frequency in section 3.2.d.ii. Monitoring frequencies for the 
pretreatment program and the NPDES point source discharges do not have to coincide. 
Annual frequency for total mercury, as proposed in the draft permit, is adequate to 
characterize the discharge. 
 
Re:  Section 1.1 – EPA noted that the total chlordane footnoted as “technical” chlordane. The 
division agrees with EPA and has changed the footnote to by deleting “technical” to be 
consistent with EPA’s “Persistent Chlorinated Hydrocarbon Pesticides” classification. 
 
Re:  Section 1.2.3.a - EPA noted the transposition “PBCs” for “PCBs”. The division agrees 
and has made the correction. 
 
Re:  Section 3.5 – EPA notes that any compliance schedule must be justified pursuant to 40 
CFR 122.47(a), require the permittee to provide the division written progress notifications within 
14 days of each interim milestone or final compliance with a written statement as to whether 
compliance dates achieved. The division agrees with EPA’s comment and has 
supplemented the schedule with the statement “The permittee must provide the division 
written progress notification within 14 days of each milestone and specifically address 
whether permit’s compliance requirements were achieved.” (See disinfection 
compliance schedule table, note (a)) 
 
Re:  Section 3.5.1 – EPA recommends that specific dates for each report be included. The 
division does not agree that dates must be included and has included a enhanced 
disinfection compliance schedule that incorporates specific work tasks, milestones, 
timing elements and the supplementary requirement (permittee must provide the 
division with progress status reports every 6 months, starting with the permit’s effective 
date and continuing until the permittee’s disinfection treatment system is functional.  
 
Re: Section 6.3.4 – EPA recommends that the division specify if chronic toxicity (IC25) 
monitoring and/or limits are appropriate based on a reasonable potential evaluation. The 
dilution factor (DF) outfall 001 is outside of a range of dilution factors for which WET 
testing is required per EPA’s guidance. However, the final permit does require annual 
acute testing and one chronic test to be submitted with the permit application. 
 
Re:  Rationale 8.10 – EPA recommends that the new permit include a date for the permittee to 
submit the chlorinated byproducts information to the division. See response (above) to 
comment number A26. 
 
Re: Rationale 9.1 - EPA recommends that the new permit include a date for the permittee to 
submit the treated effluent transport/dispersion within the receiving stream information to the 
division. The division removed the requirement for the treated effluent 
transport/dispersion study from the final permit. 
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Re: Rationale 10 – EPA recommends that the division discuss how the TMDL wasteload 
allocations for chlordane, dioxins and PCBs are consistent with the new permit’s requirements 
and deleting/clarifications for the 3rd paragraph’s last sentence. The TMDL for chlordane, 
dioxins and PCBs  states, in Part 9 (Implementation Plan): 
 
“9.1 Point Sources 
There are currently no NPDES permitted facilities in the Mississippi River Watershed 
with an existing allocation to discharge chlordane, dioxins, or PCBs to the Mississippi 
River.” 
 
Therefore, there are no wasteload allocations for chlordane, dioxins, or PCBs in the final 
permit, but annual monitoring is required to evaluate consistency with the TMDL. 
 
Re: Appendix 2e (treated effluent biomonitoring), Appendix 2f (landfill groundwater monitoring 
results – mercury) and Appendix 2g (sludge mercury content) EPA recommends that the 
division obtain more recent data (effluent data limit is 4.5 years). The effluent data was timely 
submitted when the division started this multiple-year complex permit renewal process 
and plans to finalize the permit using the best information available. The new permit 
requires that the treated effluent mercury must be analyzed using more sensitive 
analytical methods. 
 
TCWN/Sierra Club’s draft permit comments (as summarized by the division) and division’s 
responses: 
 
1. Foam and color 
 Request division specifically address foam – proposes “There shall be no distinctly 

visible floating scum, oil, foam, or other matter contained in the wastewater discharge.”  
TDEC & EPA have noted the discharge of foam from plants, therefore a WQBEL limit 
warranted due to reasonable potential to violate instream water quality criteria. The final 
permit addresses these discharge parameters using a narrative WQBEL 
approach.  

2. Imposing E. coli limits long overdue – final permits should be issued w/o compliance 
schedules. If schedule included, ASAP compliance w/3 yrs max. for WQBEL 
compliance. The division concluded that a compliance is appropriate. The final  
permit requires the permittee to complete parallel work tasks and simplifications 
such that E. coli compliance must be achieved within the new permit’s duration. 

3. TN & TP – drafts fail per WQ for nutrients (per … Ecoregion 68a at the 75th percentile 
for nitrite + nitrate). Memphis watershed significant contributor to Gulf of Mexico hypoxic 
zone. The division does not consider the Ecoregion 68a reference stream values 
to be applicable to the Mississippi River (Ecoregion 73a). Therefore, the new 
permit retains Outfall 001 discharge total nitrogen and total phosphorus 
monitoring requirements from the draft permit. 

4. Mercury – numeric WQBELs should be included in the final permit -  The receiving 
stream is identified as impaired for mercury (atmospheric deposition). The city 
has monitored its effluent for mercury, and the results have been below detection 
levels. However, the division is requiring the city to monitor mercury 
concentrations using the more sensitive method to better quantify their 
contribution, if any.  
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5. Overflows – permits Part 2.3.3(d) unclear what “this requirement” means – The first 
sentence in paragraph d was changed to read: “Unless there is specific 
enforcement action to the contrary, the permittee is relieved of the requirement 
from paragraph c. above after […]” 

6. Dieldrin and DDT – Stiles, WQ reasonable potential is insufficient basis for limits 
elimination – specific exception of antibacksliding trigger needs to be presented. The 
current permit includes the following rationale for dieldrin and DDT limits 
“…since the ambient river concentrations of DDT and Dieldrin have been 
calculated to currently exceed the state water quality criteria, effluent limitations 
for these two pesticides are required in the permit.” As such, water quality 
reasonable potential was the basis for including discharge limits for these treated 
effluent parameters, and rationale for continuing the limits does not apply. This 
permitting action is consistent with the division’s antidegradation policy and 
these parameters no longer require additional controls pursuant to the division’s 
2008 and 2010 EPA-approved 303d lists. 
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RATIONALE 
 ____________________________________________________________________________  

Memphis-T.E. Maxson STP 
NPDES Permit No. TN0020729 

Permit Writer: Gary Davis  
R1.0 FACILITY INFORMATION 
 

 
 

 
 

Treatment Description:  Activated Biological Filter Towers/  
 
R2.0 RECEIVING STREAM INFORMATION 
 

Mississippi River at Mile 725.0 (Watershed Group: Mississippi) 
 

Hydrocode (Mississippi River): 8010100 
Low- Flow: 7Q10 = 70,500 MGD (109,000 CFS) 
                    30Q5 = 89,900 MGD (139,000 CFS) 

 
USGS Water-Resource Investigation Report 95-4293 

Station #03532200 
 

Receiving Waters: Outfall 001 Discharges to the Mississippi River  via the 
Cooling Water Channel (A Wet Weather Conveyance) 

The Mississippi River is classified as  
an Exceptional Tennessee Waters, (Due to the 

Federal Endangered Pallid Sturgeon and  
Tennessee Threatened Blue Sucker Fish Species) 

Mississippi River Usage Designations: 
 Domestic Wtr Supply Industrial Fish & Aquatic Recreation  
 -- X X X  
 Livestock Wtr & Wlife Irrigation Navigation   
 X X X   

 
 
R3.0 CURRENT PERMIT STATUS 
 

Permit Type: Municipal 
Classification: Major 
Issuance Date: 3/31/2000 

Expiration Date: 3/31/2005 
Effective Date: 4/1/2000 
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R4.0 DIVISION’S PROPOSED NEW PERMIT AND REFERENCES FOR PREVIOUSLY 
SUBMITTED WRITTEN COMMENTS REGARDING THE PRIOR DRAFT PERMIT 

 
For developing the T.E. Maxson STP’s (TN0020729) new proposed permit, the division 

received/evaluated numerous written comments for the following previously-issued draft permit: 
   

 Draft Permit (August 30, 2010) – Initially Public Noticed (April 6, 2009) and Re-Public 
Noticed (October 11, 2010) 
 
This draft permit and comments are in division’s Water Pollution Control (WPC) permit 

file.  
 
R5.0 T.E. MAXSON STP TREATMENT COMPONENTS AND RECEIVING WATER 
 

The T.E. Maxson STP wastewater treatment components include preliminary 
treatment units, roughing trickling filter towers, an extended aeration activated 
sludge system, and sludge handling/disposal components. The plant includes 
effluent disinfection chlorine contact chambers which have been converted to 
clarifiers. Pursuant to its current and prior NPDES permit requirements, no treated 
effluent disinfection is occurring. The permittee indicated that if necessary, its 
chlorine contact chambers might be used for treated effluent disinfection.  
 
Prior to flowing to the Mississippi River the permittee’s Outfall 001 treated effluent is 
discharged to a wet weather conveyance which is called the “Cooling Water 
Channel”. The Cooling Water Channel includes the continuous non-contact cooling 
water discharge from TVA’s Allen Fossil Plant Outfall 003 pursuant to NPDES 
TN0005355. Normally, TVA only discharges from Outfall 003, however TVA also can 
discharge from its Outfall 002 to the Cooling Water Channel. TVA’s discharges 
occur upstream of the permittee’s Outfall 001 discharge point. Effectively, TVA’s 
Outfall 003 discharge water serves as flow augmentation, since TVA pumps its non-
cooling water directly from McKellar Lake. The division does not consider wet 
weather conveyances to be waters of the United States or state of Tennessee. The 
Cooling Water Channel is subject to a posted fishing advisory. 
 

R6.0 PERMITTEE’S PERMIT MODIFICATIONS REQUESTED IN NPDES PERMIT 
RENEWAL APPLICATION 
 

The permittee’s current NPDES permit limitations/monitoring requirements and the 
influent monitoring schematic diagram for the permittee wastewater treatment facility 
are presented in Appendix R-1. 
 
In its NPDES permit renewal application submittal the permittee requested that the 
division consider the following items: 
 

 Increased treated effluent BOD  and TSS limits beyond federal POTW 
secondary treatment requirements, due to its relatively large industrial 
contribution. Based on the permittee’s supplemental permit renewal 
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information, the division has included a variance from federal secondary 
treatment standards for the permittee’s treated effluent. 

 
 Allow higher-than-design monthly flow rates to be used for calculating treated 

effluent weekly effluent mass loadings. No change in the new permit is 
appropriate. For municipal wastewater treatment facilities renewed permits, 
the division determines treated effluent limitations, including maximum 
weekly concentrations, and uses the permittee’s design not an actual flow to 
establish corresponding weekly mass loadings discharge requirements.  

 
 Pesticide monitoring requirements be eliminated or frequency reduced to 

once per permit term. Based on the continued input from a pesticides 
manufacturer, several pesticides formulating and packaging industrial users, 
wastewater from several large grain processing manufacturing plants that 
may have pesticides/herbicides present in their wastestreams, the 
permittee’s pesticides DMR monitoring results, and the July 25, 2008 Total 
Maximum Daily Loads (TMDLs) for chlordane, dioxins, and polychlorinated 
biphenyls in the Mississippi River, the division considers the permittee’s 
treated effluent to contain pesticides that may possibly violate water quality 
standards and/or contribute to the receiving stream impairments. Thus, no 
reduction in monitoring frequency is included in the new permit. 

 

  
  
 Treated effluent monitoring results are provided in Appendix R-2. TDEC personnel 

completed several compliance evaluation inspections since the current permit’s 
effective date. The following types of treated effluent monitoring results were 
evaluated during this permit renewal process: 

 
 Discharge Monitoring Reports (DMRs)  
 Fecal Coliform (provided in NPDES permit renewal application) 
 Organic Pesticides and PCBs (DMR) 
 Total Dioxin (DMR) 
 Whole Effluent Toxicity – LC  and NOEC (DMR) and IC (data 

provided in NPDES permit renewal application)
 Ammonia, Total Kjeldahl Nitrogen and Total Phosphorus (data 

provided in NPDES permit renewal application)
 Other Parameters (data provided in NPDES permit renewal 

application)

R7.1 COMPLIANCE EVALUATION INSPECTION (CEI) RESULTS 
  

Mr. Eddy Bouzeid (TDEC Memphis Environmental Field Office) completed CEIs on 
October 23, 2001, October 30, 2003, November 7, 2005, April 10, 2006, September 
30, 2007, March 31, 2008, and June 4, 2010. The permittee received a satisfactory 
rating for each CEI evaluation. During the June 4, 2010 inspection foam was visible 
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at the discharge pipe, however the foam was dissipating before reaching the 
Mississippi River. 

  
R7.2 DISCHARGE MONITORING REPORT (DMR) RESULTS 

 
The DMR results for the months of April 2000 through March 2011 are provided in 
Appendix R-2A. As shown in the Appendix R-2A, the permittee has had consistent 
sanitary sewer overflows, and some effluent BOD  and TSS permit exceedances. 
 

 
This section includes monitoring results submitted pursuant to the permittee’s 
current permit and data included in its NPDES permit renewal application, as 
supplemented.  
 

R7.3.1. Fecal Coliform  
 
The permittee’s current permit does not require fecal coliform monitoring. However, 
in the permittee’s NPDES permit renewal application fecal coliform results were 
provided for three treated effluent samples. The maximum fecal coliform result was 
700,000 cfu/100 ml, with an average of 520,000 cfu/100 ml. These are high values 
because effluent disinfection is not being used. Also, as illustrated by the recent E. 
coli results presented in Appendix R-2B, it appears that elevated E. coli levels exist 
in the Mississippi River upstream of the permittee’s Outfall 001 discharge point.   
 

R7.3.2.       Organic Pesticides Chemicals and PCBs 
 
The permittee’s treated effluent organic pesticide chemicals, and PCBs monitoring 
results summary is presented in Appendix R-2C. These results show that 
measurable amounts of heptachlor epoxide and 4, 4’-DDE are present in the Outfall 
001 treated effluent.  
 

R7.3.3.       Total Dioxin 
 
The permittee’s total dioxin results for its Outfall 001 treated effluent are provided in 
Appendix R-2D. From these results it is apparent that the permittee’s treated effluent 
contains total dioxin.  
  

R7.3.4.      Biomonitoring – LC , NOEC and IC  
 
As shown in Appendix R-2E, the permittee submitted its biomonitoring LC  and 
NOEC results for its treated effluent consistent with its current permit. Some acute 
aquatic toxicity was demonstrated, with 96-hour LC values of 70.7% for water fleas, 
and 54.4% for fathead minnows. Due to large amounts of diverse industrial 
wastewaters treated by the permittee, some acute toxicity was expected. 
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For its permit renewal the permittee submitted results for the four treated effluent 
IC tests, also presented in Appendix R-2E. The IC  results ranged from 18.5 to 
35.7% for the water fleas and 26.7 to 56.7% for the fathead minnows.  

 
R7.3.5.       Ammonia, Total Kjeldahl Nitrogen and Total Phosphorus Results 

 
For the three values reported with its permit renewal application, the permittee 
reported a daily maximum ammonia-nitrogen value of 34.0 mg/l (27.1 mg/l average) 
and total Kjeldahl nitrogen of 39.9 mg/l (34.9 mg/l average) in its treated effluent. 
When compared to domestic sewage, the ammonia nitrogen results are relatively 
high and due to the facility’s large industrial input.  
  
The permittee reported a maximum total phosphorus result of 7.56 mg/l (5.2 mg/l 
average) for three treated effluent samples. This total phosphorus is relatively high 
compared to domestic sewage, and similar to the ammonia nitrogen, due the 
facilities’ industrial input. 
 

R7.3.6. Other Parameters and Toxics and Metals Results 
 
In its permit renewal application the permittee reported its Outfall 001 treated 
effluent mercury to be less than 0.2 ug/L,for three samples. From these results, the 
actual mercury mass discharge rates can not be determined. The permittee reported 
2009 influent and effluent mercury values of <0.2 ug/L, with the exception of two 
influent results (0.30 ug/L for 4/6-7/2009 and 0.20 ug/L for 11/12-13/2009). The 
permittee’s cake solids mercury content is shown Appendix R-2F, which 
demonstrates that mercury is present in the sludge. The wastewater treatment 
system is not designed nor operated for mercury removal. Due to the permittee’s 
T.E. Maxson STP facility large/diverse industrial wastewater input and measured 
mercury in the plant’s wastewater and sludge, the division considers that additional 
mercury monitoring data needs to be collected for the Outfall 001 treated effluent, 
using more sensitive analytical testing methods, so that the mercury Outfall 001 
treated effluent mercury mass loadings can be established.  
 

R8.0. DIVISION’S DETERMINATIONS AND MAJOR CHANGES INCLUDED IN THE NEW 
NPDES PERMIT  

 
The following major changes from the current permit have been incorporated into 
the new permit: 
 

a. The permittee requested a variance from the minimum BOD5 and TSS wastewater 
federal secondary treatment standards for POTWs (technology-based) as defined in 40 
CFR 133.102. The federal secondary treatment standards are technology-based, 
variance changes for the proposed new permit are not subject to antibacksliding.  

 
The permittee requested a variance from the minimum BOD5 and TSS wastewater 
secondary treatment standards for POTWs as defined in 40 CFR 133.102. As shown in 
Appendix R-3, the division has determined that the provisions of 40 CFR 133.103(b) 
have been met by the permittee, and the calculated limits for treated effluent BOD5 and 
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TSS concentration limits have been determined. As such, the 

 
 

Monthly Avg. Weekly Avg. Daily Max. 
Current Permit            
Per Variance                                  
 

 
Monthly Avg. Weekly Avg. Daily Max. 

Current Permit           96 
Per Variance                                 129.0 
 

Since the Mississippi River designation is an “Exceptional Tennessee Waters” and the 
permittee has not provided the division with antidegradation documentation (including 
alternative analyses with social/economic evaluations for the above increased Outfall 
001 BOD and TSS concentrations per the variance), the new permit includes the most 
stringent discharge limits (current permit versus per variance values). The values 
included in the new permit are shown in bold font. 
 

b. For the permittee’s M.C. Stiles STP (TN0020711) facility, the division has 
received/evaluated numerous draft permit written comments. Because the permittee’s 
M.C. Stiles STP new permit addresses issues that apply to the permit proposed by the 
division for the T.E. Maxson STP (TN0020729), relevant considerations were used by 
the division in developing the proposed permit for the T.E. Maxson STP.  

 
c. Pursuant to the elements/timing presented in the permit’s Section 3.5, the permittee 

must install/operate an end-of-pipe treated effluent disinfection system to demonstrate 
that its T.E. Maxson STP Outfall 001 discharge does not cause nor contribute to any 
non-attainment of the state of Tennessee’s recreation E. coli requirements (maximum 
monthly geometrically mean of 126 cfu/100 ml with a maximum sample of 487 cfu/100 
ml required by Tennessee’s recreation water quality standards, Rule 1200-4-3.03(4)(f)). 

 
d. Since contaminants (e.g., newly-generated chlorinated byproducts, if chlorination is 

used for Outfall 001 disinfection) in the permittee’s treated effluent discharge mixing 
zones within the Mississippi River must not exceed the division’s human health criteria 
or adversely impact reasonable uses of the area, per Rule 1200-4-3-.05(2), the new 
permit’s Section 3.5 defines an E. coli compliance schedule with associated 
requirements. Also, the permittee must post signs noting the potential human health 
hazards associated with Outfall 001’s discharge, including those related to the 
discharges’ immediate instream mixing zone, for the release to the Cooling Water 
Channel and the Mississippi River.  
 
 

R9.0  REPORT SUBMITTAL REFERENCES  

EPA-HQ-2019-004783   001547



Memphis- T.E. Maxson STP (Rationale) 
NPDES Permit TN0020729 

Page R-7  

 

 
The following summary provides references for selected reports that the permittee 
must submit to the division: 

 
 Selected Reports  Section in Permit 

Influent Flow Assessment Report 1.2.1. 
Discharge Monitoring Reports (DMR)  1.3.1. 
Monthly Operational Reports (MOR) 1.3.4. 
Bypass and Overflow Summary Reports  1.3.5. 
Industrial Pretreatment Reports  3.2. 
Sludge Reports  3.3. 
Biomonitoring Reports  3.5. 
Influent Flow Assessment Report 1.2.1 
E. coli Compliance Elements/Timing Reports 3.5 
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R10.0. REGULATORY BASIS FOR NEW NPDES PERMIT’S MONITORING/LIMITATIONS 
            REQUIREMENTS 
 
 

Parameter Regulatory Basis/Rationale Reference 

BOD5 
Refer to Section R10.1.  
 T.C.A. 1200-4-5-.09 (for BOD5) and 40 CFR 
133.103(b) 

Total Suspended Solids (TSS)  T.C.A. 1200-4-5-.09 Refer to Section R10.2. and 
40 CFR 133.103(b) 

Ammonia and Organic Nitrogen  Refer to Section R10.4. 
Total Nitrogen  Refer to Section R10.5. 
Total Phosphorus  Refer to Section R10.5. 
E. coli  T.C.A. 1200-4-3-.03, Refer to Section R10.3. 
Total Chlorine Residual  Refer to Section R10.4.  
Chlorinated Byproducts  Refer to Section R10.10.  
Settleable Solids  T.C.A. 1200-4-5-.09 Refer to Section R10.12. 
Dissolved Oxygen  D.O. protection, Refer to Section R10.1. 
pH  Refer to Section R10.13. 
Organic Chemicals Pesticides  Refer to Section R10.8. 
Total Dioxin Refer to Section R10.9. 
Total Mercury and Methyl Mercury Refer to Section R10.11. 
Visual Observations  Refer to Section R10.14  
Whole Effluent Toxicity:  

Acute Toxicity - LC50  Refer to Section R10.6. 
Chronic Toxicity - IC25 Refer to Section R10.6. (Permit Renewal Scans) 

Flow (MGD): Influent and Effluent Used to quantify pollutant load and 
percentage removals  

Sanitary Sewer Overflows, Total Occurrences Refer to Section R10.15. 
Dry Weather Overflows, Total Occurrences Refer to Section R10.15. 
Bypass of Treatment, Total Occurrences Refer to Section R10.15. 

Additional Permit Criteria: 
 
Weekly limitations on BOD5 and TSS concentrations are given as required per 40 CFR 
133.102(a)(2) or 133.102(a)(4)(2) & 133.102 (b)(2) respectively; daily BOD5 and TSS limitations 
are authorized by T.C.A. 1200-4-5-.09; monthly and weekly mass loads are limited per 40 CFR 
122.45(f) and based on the design flow as per 40 CFR 122.45(b); monthly average percent 
removal rates for BOD5 and TSS are required per 40 CFR 133.102(a)(3) or 133.102(a)(4)(iii) 
and 133.102 (b)(3) respectively. A minimum 40% daily removal rate is required as equivalent to 
a daily mass load limitation. Additionally, the permittee must also use the following provisions in 
achieving its new permit monitoring/limitations requirements: 
 
(a)   Since the permittee’s treatment facility has multiple input streams the influent flow and 

resulting characteristics must be estimated. The estimated values must be used for 
calculating loadings and percentage removals. 

 
(b)  All sampling shall be representative. 
 
(c) Pursuant to its current permit requirements, the permittee provided the schematic 

diagram included in Appendix R-1 along with a narrative in its May 26, 2000 letter 
submitted to the division. Within 60 days from the new permit’s effective date the 
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permittee must submit to the division’s Memphis Environment Field and Nashville 
Central Offices, an updated Influent Flow Assessment Report which relates the quality 
and quantity of contributory wastestreams (e.g., sludge handling facility supernatants) to 
its influent monitoring station, including a revised (if applicable) Appendix R-1 diagram. 
Based on the updated submittal, the division will notify the permittee in writing if 
additional influent monitoring requirements are necessary.  

 
R10.1. CONTROL REQUIREMENTS FOR BOD5, DISSOLVED OXYGEN, AND BOD5 

REMOVAL 
 

a. Biochemical Oxygen Demand (BOD) is a measure of dissolved oxygen used 
when biological processes breakdown wastewater organic pollutants. The five-
day biochemical oxygen demand (BOD5) is typically used for monitoring both the 
wastewater’s strength and treatment facility’s performance. 

  
Limits on the treated wastewater BOD5 (oxygen demand) is often necessary to 
prevent pollutants in the discharge from decreasing the oxygen in the receiving 
stream below levels necessary to support fish and aquatic life. Additionally, the 
biological oxidation of ammonia requires dissolved oxygen and therefore, exerts 
an oxygen demand on receiving stream. Due to the large dilution provided by the 
Mississippi River, estimated at 784:1 (for 7Q10 flow: STP design flow), no 
adverse dissolved oxygen impacts are anticipated.  

 
For this facility, a monthly average BOD5 limit of 30 mg/l is the federal secondary 
treatment standard technology-based effluent limitation pursuant to Rule 1200-4-
5-.09. However, due to the permittee’s large input from major industries, the 
permittee has requested a federal secondary standards variance pursuant to 40 
CFR 133.103(b). The results of the division’s variance determination are 
presented in Appendix R-3 and summarized in Section R8.0.(a). As noted in 
Section 8.0.(a), antidegradation considerations, the BOD5 concentrations in the 
permittee’s current permit were included in the new permit. 

 
The dissolved oxygen (D.O.) effluent limitation of 1.0 mg/l (daily minimum on an 
instantaneous basis) from the current NPDES permit is retained in the new 
permit. The new permit requires that grab samples be taken to check for D.O. 
compliance. 
  

b. The current and new permits include BOD5 percent removal 
requirements, based on the facility influent characteristics. This is part of the 
minimum requirements for all municipal treatment facilities as referenced at 40 
CFR Part 133.102. The reasons stated by the U.S.E.P.A. for these requirements 
are to achieve these two basic objectives: 

 
(1) To encourage municipalities to correct excessive inflow and infiltration (I/I) 

problems in their sanitary sewer systems, and 
(2) To help prevent intentional dilution of the influent wastewater as a means of 

meeting permit limits.  
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The treatment facility is required to achieve its permitted BOD5 and TSS 
percentage removals. The number of excursions (days when BOD5 and/or TSS 
removal is less than 40%) must be reported on the Discharge Monitoring 
Report. 
 

R10.2. TOTAL SUSPENDED SOLIDS (TSS) AND TSS REMOVAL REQUIREMENTS 
 

The rationale for defining new permit TSS limitations is similar to that presented in 
Section R8.1. for BOD . The TSS technology-based effluent limit is also 30 mg/l, 
pursuant to federal secondary standards (Rule 1200-4-5-.09). As shown in Appendix 
R-3 and Section 8.0.(a), alternative TSS

 
40 CFR Part 133.102. However, as shown in Section 8.0.(a) due to antibacksliding 
provisions (40 CFR 122.44(l)) the TSS concentrations in the permittee’s current 
permit will be included in the new permit.
 

R10.3. E. CONTROL REQUIREMENTS 
 

Due to the known recreational activities occurring within the Cooling Water Channel 
and Mississippi River, the new permit requires that the permittee disinfect its treated 
wastewater pursuant to the permit’s Section 3.5, to achieve the E. coli to protect 
human health (per Rule 1200-4-3-.05(2)).  As of September 30, 2004, the criterion 
for fecal coliform was removed from the state of Tennessee’s Water Quality 
Standards. The division now imposes an E. coli limit on discharges of treated 
sewage for the protection of recreational use of the stream in lieu of the fecal 
coliform limit. For example, the E. coli daily maximum limit of 487 cfu per 100 ml 
applies to Tennessee Exceptional Waters.  

 
In anticipation of treated effluent disinfection requirements, the permittee had 
installed a chlorine contact chamber when its extended aeration activated sludge 
plant was built. The permittee has indicated to the division that its chlorine contact 
chambers have been not been used for end-of-pipe disinfection, and the facilities 
instead were modified for suspended solids settling/thickening. Additionally, the 
facility has no provisions for disinfection chemicals storage/feed and controls. Since 
the division recognizes that chlorine usage for disinfection may generate deleterious 
chlorinated byproducts with adverse water quality potential, additional investigations 
are warranted as presented in R8.10. 
 
As noted in the proposed permit’s Section 3.5, the permittee must post signs which 
warn recreational users of potential human health hazards associated with the 
Outfall 001 discharge. 
 
For the T.E. Maxson STP TN0020729 draft permit E. coli requirements as presented 
in Section 3.5, the division used the E. coli control elements and timing as proposed 
by the permittee for its M.C. Stiles STP TN0020711 permit. As such, some 
elements/timing changes may occur for finalizing the T.E. Maxson STP TN0020729 
permit.  

 

EPA-HQ-2019-004783   001551



T.E. Maxson STP (Rationale) 
NPDES Permit TN0020729  

Page R-11  

 

 
The potential for aquatic toxicity within the Mississippi River due to the permittee’s 
treated effluent ammonia-nitrogen and residual oxidants (e.g., total residual chlorine) 
from treated effluent disinfection is discussed subsequently and in Appendix R-4. 
The results from the E. coli control evaluations (as shown in the permit’s Section 3.5) 
will be used to identify applicable permit limits and modifications are warranted. 
  
Ammonia-Nitrogen Aquatic Toxicity Considerations 
 
Based on the evaluation results shown in Appendix R-4 the new permit includes 
monthly Outfall 001 discharge monitoring with report-only requirements for the 
treated effluent ammonia nitrogen and organic nitrogen. Organic nitrogen monitoring 
requirements are included in the new permit since it may be converted in ammonia 
nitrogen instream via biooxidation and hydrolysis processes. This conversion 
frequently occurs within activated sludge wastewater treatment plants if the facility is 
operated at organic loading rates which result in low treated effluent BOD5, e.g., <10 
mg/l; however, as shown in Appendix R-2A, the permittee’s Outfall 001 monthly 
average BOD5 is 30 mg/l. Based on permittee’s DMR data and results from the 
proposed permit’s Section 3.5 Outfall 001 discharge transport/dispersion within the 
Mississippi River, the permit may be reopened to include ammonia toxicity limits. 
 
Total Residual Chlorine (TRC) and Total Residual Oxidant (TRO) Aquatic 
Toxicity Considerations 
 
Since total residual chlorine (TRC) from a chlorination disinfection process can be 
toxic to aquatic life, the new permit includes a treated effluent TRC limit based on 
acute toxicity. TRC limits are derived using the mass balance formula and the EPA 
instream protection for fish and aquatic life values of 0.011 and 0.019 mg/l for 
chronic and acute exposure, respectively.  
 
The treated effluent is discharged to the Mississippi River, and as shown in 
Appendix R-4 the new permit includes a daily maximum TRC limit of 2.0 mg/l. To 
achieve this TRC level, dechlorination will probably be required. The new permit 
includes total residual oxidant (TRO) monitoring requirements, as applicable. As 
such, TRC and/or TRO limits are presented in the permit’s Section 1.1. Depending 
on the specific TRO to be used, the division may reopen the permit to include the 
relevant aquatic toxicity limitations and change the monitoring frequency. The results 
from the proposed permit’s Section 3.5 will be used to make permit modifications, if 
warranted for Outfall 001 TRC or TRO. 
 

R10.5. TOTAL NITROGEN AND PHOSPHORUS MONITORING REQUIREMENTS 
 

The permittee’s Outfall 001 treated effluent monitoring required in the new permit for 
total nitrogen and total phosphorus is imposed pursuant to the joint State/Federal 
Mississippi River/Gulf of Mexico Watershed Nutrient Task Force, Action Plan for 
Reducing, Mitigating, and Controlling Hypoxia in the Northern Gulf of Mexico. The 
monitoring results from major municipal and industrial facilities discharging within the 
Mississippi River Basin will help assess current point source loadings to the Gulf and 
enable the task force to track changes in loadings across the basin with time. EPA 
believes that Section 308(a) of the Clean Water Act provides broad authority to 

EPA-HQ-2019-004783   001552



T.E. Maxson STP (Rationale) 
NPDES Permit TN0020729  

Page R-12  

 

require nutrient monitoring. No ecoregion reference streams exist for the Mississippi 
River. Thus, references for the application of the state’s narrative nutrients criteria 
are not available. Even where there is no reasonable potential for a particular facility 
to cause or contribute to excursions of criteria within the immediate receiving 
waterbody, nutrient monitoring is being included in permits. Additionally, the 
corresponding influent monitoring is incorporated by the state for use in evaluating 
the ability of existing technologies to remove nutrients. As such, treated effluent 
nutrient monitoring data is needed and included in the new permit. 
 

R10.6. WHOLE EFFLUENT TESTING – LC50 AND IC25 MONITORING REQUIREMENTS 
 

 The acute and chronic biomonitoring requirements for the new permit are addressed 
in Appendix R-5. Assuming treated effluent complete dispersion under the low-flow 
7Q10 conditions, the Mississippi River provides for a large dilution ratio (784:1), an 
instream waste concentration of 0.13 %. Therefore, under full effluent dispersion, 
the reasonable potential for the permittee’s discharge to exceed the narrative water 
quality criterion, “no toxics in toxic amounts” is dramatically decreased.  However, as 
discussed subsequently in Section 10.2, the actual transport/dispersion 
characteristics within the receiving stream is not well defined and pursuant to 
Section 3.5 investigation results, further mixing information should be available. As 
such,  includes acute (48-hour LC

  
The permittee monitored IC  for its treated effluent once during 2003 and three 
times in 2004. These results are provided in Appendix R-2E. Some aquatic 
toxicity/inhibition was demonstrated, with IC values ranging from 18.5 to 35.7 % for 
water fleas, and 26.7 to 56.7 % for fathead minnows. Some effluent aquatic 
toxicity/inhibition was anticipated due to the large amount of industrial discharges to 
the treatment facility.   

 
 Based on the aquatic toxicity results variability, receiving stream characteristics, and 

the need for permit renewal data the 48-hour LC50 onitoring requirements in the 
new permit has been increased from once during the permit term to annual.  

 
R10.7. WATER-QUALITY BASED EFFLUENT CALCULATIONS – OTHER 

PARAMETERS/ANTIDEGRATION CONSIDERATIONS 
 

As shown in Appendix R-6, pass-through limitations for heavy metals and other toxic 
substances have been recalculated as part of the permit reissuance process and/or 
due to changes in industrial waste contribution. The new permit requires the 
permittee to maintain its pretreatment program.  
 
Based on the water quality reasonable potential calculations shown in Appendix R-6, 
the new permit includes annual monitoring requirements for Outfall 001 benzidine 
and hexachlorobenzene. For its permit renewal application the pemittee did not use 
sufficiently sensitive analytical procedures to demonstrate that no reasonable 
potential to violate water quality exists. The permittee treats industrial wastewaters 
from numerous dischargers that manufacture or use organic chemicals, therefore 
Outfall 001 monitoring for these contaminants is included in the new permit. The 
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permit reopener clause provides for modification based on the permittee’s Outfall 
001 benzidine and hexachlorobenzene DMR results. 
 

 
R10.8. ORGANIC PESTICIDE CHEMICALS, (INCLUDING HEPTACHLOR EPOXIDE, AND 

PCB) CONTROL REQUIREMENTS 

The permittee’s organic pesticide chemicals, and PCBs monitoring results are 
presented in Appendix R-2C. The current permit includes monitoring requirements 
for the specific list of pesticides. Since the permittee continues to accept wastewater 
from several pesticides manufacturers, elevated fish tissue pesticides concentrations 
exist, the Mississippi River is now classified as Tennessee Exceptional Waters, and 
some treated effluent pesticide values were reported, the new permit requires the 
once/6 months Outfall 001 discharge monitoring for the organic pesticide chemicals 
scan and numerical limitations, based on water quality compliance for heptachlor 
epoxide (as shown in Appendix R-2C). Due to the water quality criteria/calculations 
shown in Appendix R-6, and the division’s concern that some industrial users 
discharge wastewater containing hexachlorobenzene to the permittee’s treatment 
system, limits are included in the new permit. As noted in the 2008 Mississippi River 
TMDL for PCBs and chlordane, dischargers having these chemicals in their treated 
wastewater must be limited to the water quality criterion. As such, the new permit 
includes the water quality criterion as monthly average and daily maximum values, 
for the Outfall 001 treated effluent PCBs and chlordane. The permittee must 
demonstrate compliance with the new permit PCBs using EPA Method 1668B.  
 
The division has the ability to reopen and modify the permit for parameters 
presented in this section. 
 

R10.9. TOTAL DIOXIN DISCHARGE REQUIREMENTS 
 

“Total dioxin” is defined by the Tennessee Water Quality Criteria as the sum of the 
concentrations of all dioxin and dibenzofuran isomers after multiplication by Toxic 
Equivalent Factors (TEFs) specified in the criteria. “Total dioxin” is defined by the 
Tennessee Water Quality Criteria as the sum of the concentrations of all dioxin and 
dibenzofuran isomers after multiplication by Toxic Equivalent Factors (TEFs) 
specified in the criteria. 
 
The current permit requires that treated effluent total dioxin be monitored annually to 
determine if the discharge contributes to further Mississippi River degradation. As 
shown in Appendix R2D the Outfall 001 treated effluent total dioxin ranged from 
0.1140 to 16.9407 picograms/liter (pg/L). These results demonstrate that total dioxin 
is present in the discharged Outfall 001 treated effluent. Based on the 2008 
Mississippi River TMDL for PCBs, chlordane and total dioxin, the new permit 
includes the total dioxin water quality criteria as monthly average and daily maximum 
limits for the Outfall 001 treated effluent.  
 
For the new permit the total dioxin monitoring frequency will be retained at an 
annually frequency.  

R10.10.  CHLORINATED BYPRODUCTS  
  
 The division considers the permittee’s Maynard C. Stiles STP and T. E. Maxson STP 

treatment facilities to be unique within the state of Tennessee, since these facilities 
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treat a higher proportion of industrial wastewater flows/contaminant loadings from 
numerous/diverse sources. As such, the division is concerned that chlorination of the 
treated effluent for disinfection, could result in high effluent concentrations of 
chlorinated byproducts (both inorganic and organic) which may pose a human health 
risk. The identification/characterization (including types and amounts) of chlorinated 
organics generated via chlorination-based treated effluent disinfection system is 
addressed in the proposed permit’s Section 3.5. 

 
Based on information to be provided by the permittee relative to chlorinated organics 
generated (via the proposed permit’s Section 3.5 requirements), the new permit 
includes reopener provisions to modifying the permit to include Outfall 001 numerical 
limits (e.g., monthly average and daily maximum for identified harmful organic 
chlorinated byproducts, which may/will be generated due to chlorination for 
disinfection). The permittee had initially indicated to the division that if disinfection is 
required, chlorination would be used. However, recently, the permittee indicated that 
non-chlorination processes are being evaluated for Outfall 001 treated effluent 
disinfection also.  
 

R10.11. TOTAL MERCURY AND METHYL MERCURY 
 

The division added mercury as a fish-consumption advisory for the Mississippi and 
Wolf Rivers and McKellar Lake on April 26, 2007. The division’s fish tissue trigger 
point for the mercury advisory is 0.3 ppm. As such, the division is including 
discharge limitations and/or monitoring requirements for permitted potential sources.  
 
As noted in this Rationale’s Section R6.3.6., measureable mercury was reported for 
the permittee’s raw wastewater for two months in 2009. The permittee’s permit 
renewal application included three treated effluent mercury results each < 0.2 ug/L. 
As shown in Appendix R-2F, mercury is present in the permittee’s waste activated 
sludge (secondary cake) at concentrations ranging from 0.161 to 0.48 mg/Kg. 
Therefore, since mercury is present in the permittee’s wastewater and sludge, the 
Outfall 001 discharge mercury mass loading needs to be determined. As such, the 
new permit includes discharge monitoring requirements for both total and methyl 
mercury on twice per year frequency. The treated effluent total mercury must be 
determined using EPA Method 245.7 or 1631E and methyl mercury analyzed using 
EPA Method 1630. 
 
The permittee started using covered lagoons in May 2004 for sludge 
handling/stabilization. As such, under the anaerobic conditions within the lagoons, 
the division considers an increased potential exists for the generation of methyl 
mercury. The supernatant from the sludge lagoons is returned to the wastewater 
treatment system and some methyl mercury would be discharged via Outfall 001.  
Methyl mercury is the form that is bioaccumulated in fish tissue. As such, methyl 
mercury monitoring is included in the new permit. 
 

R10.12. SETTLEABLE SOLIDS 
 

Settleable solids results provide an indication of the treatment system performance. 
The treated effluent settleable solids limitation (1.0 ml/L) included in the permittee 
current permit will be used for the new permit. 
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R10.13. H 
 

The permittee’s must comply with secondary treatment technology pH limitations 
(6.0 to 9.0 s.u.) for its treated effluent. Major variations in effluent pH can provide the 
permittee with an indication of industrial user spills. 

 
R10.14. VISUAL OBSERVATIONS  

 
As noted in the proposed permit Section 1.1 the permittee must make observations 
regarding the Outfall 001 discharge the presence of distinctly visual matter or an 
objectionable color contrast within the receiving stream. Certainly Outfall 001 
discharge foam is “visual matter” and is not allowed pursuant to the permittee’s 
current and proposed new permit. Additionally, discharged foam that results in an 
objectionable color contrast within the receiving stream is prohibited. The proposed 
permit requires the permittee to monitor/document/report the character of the Outfall 
001 discharge and resulting impact, e.g., objectionable color contrast, on the 
Mississippi River.  
 

R10.15. OVERFLOW AND BYPASS REPORTING 
 

For the purposes of demonstrating proper operation of the collection, transmission, 
and treatment system, the new permit defines overflow as any release of sewage 
other than through permitted outfalls. This definition includes, but is not necessarily 
limited to, sanitary sewer overflows and dry weather overflows. For example, a 
collection system blockage or hydraulic overload that causes backup and sewage 
release into a building during a wet weather event may not clearly fit either the 
definition of a sanitary sewer overflow or a dry weather overflow. The permittee must 
also account for overflows that result in sewage flow into buildings. Any unpermitted 
release potentially warrants permittee mitigation for human health protection and/or 
water quality impacts via direct or indirect contact and demonstrates a hydraulic 
problem in the system that warrants permittee consideration as part of proper 
system operation and maintenance. 

 
For the more typical, unpermitted, releases into the environment, the new permit 
uses interchangeablely the terms, “overflow” and “sanitary sewer overflow” for 
compliance reporting purposes. Sanitary sewer overflows can have an adverse 
impact on the permittee’s overall E. coli control program. The permittee routinely has 
had sanitary sewer overflows. The permittee provides a summary of its sanitary 
sewer overflow sources, amounts, causes and mitigation measures taken, are 
submitted monthly to the division with its DMRs. 
 

R10.16. ADDITIONAL NPDES PERMIT REQUIREMENTS AND CONDITIONS 
 
This section presents several additional requirements and conditions incorporated 
into the new permit. 
 

R10.17. CHLORINATED BYPRODUCTS  
 

The division considers the permittee’s Maynard C. Stiles STP and T. E. Maxson STP 
treatment facilities to be unique within the state of Tennessee, since these facilities 
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treat a higher proportion of industrial wastewater flows/contaminant loadings from 
numerous/diverse sources. As such, the division is concerned that disinfection of the 
wastewater using chlorination based system could result in high effluent 
concentrations of chlorinated byproducts (both inorganic and organic), which may 
pose a human health risk. The identification/characterization (including types and 
amounts) of chlorinated organics generated via a chlorination-based disinfection 
system must be addressed, per the proposed permit’s Section 3.5. The permittee 
must provide the division with sufficient treated effluent chlorinated byproducts 
characterization (including a list of specific chemicals) and the discharge’s instream 
transport/dispersion information, such that the division may define applicable treated 
effluent limits for obtaining receiving stream water quality standards. The permit may 
be reopened to include applicable chlorinated byproducts limits. 
 
Based on information to be provided by the permittee relative to chlorinated organics 
generated (via the proposed permit’s Section 3.5 requirements), the new permit 
includes reopener provisions to modifying the permit to include Outfall 001 numerical 
limits (e.g., monthly average and daily maximum for identified harmful organic 
chlorinated byproducts, which may/will be generated due to chlorination for 
disinfection). The permittee had initially indicated to the division that if disinfection is 
required, chlorination would be used. However, recently, the permittee indicated that 
non-chlorination processes are being evaluated for Outfall 001 treated effluent 
disinfection also. 
 

R10.18. TREATED EFFLUENT TRANSPORT/DISPERSION WITHIN RECEIVING WATER 
 

Should chlorination be selected by the permittee for Outfall 001 disinfection, as 
presented in the proposed permit’s Section 3.5 E. coli compliance program, the 
permittee must provide the following information to the division: 

 
a. Define the lateral, vertical, and longitudinal extent of the Outfall 001 treated 

effluent plume within the Cooling Water Channel and Mississippi River. The 
assessment must be completed for varying conditions of stage, flow, and 
velocities within the Mississippi River. 

b. Develop, or utilize an existing, mathematical model to predict the Outfall 001 
treated effluent transport/dispersion characteristics within the Cooling Water 
Channel and Mississippi River. 

 
The permittee’s treated effluent transport/dispersion summary shall also include the 
evaluation objectives, investigation procedures/protocols, data (monitoring and 
calculated results), mitigation measures, implementation plans, schedules, 
conclusions, and recommendations. The permittee must also address the 
applicability of an effluent diffuser(s). Based on this information the division may 
determine that the permit must be reopened to make changes to its permit 
limitations and monitoring conditions and/or other adjustments.  
 

R10.19. WASTEWATER TREATMENT AND COLLECTION SYSTEM OPERATORS 
 

The wastewater treatment facilities shall be operated under the supervision of a 
certified wastewater treatment operator. Also, the permittee’s wastewater collection 
system shall be operated under the supervision of a certified collection system 
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operator. These certifications must be in accordance with the Water Environmental 
Health Act of 1984. 
 

R10.20.  PRETREATMENT PROGRAM 
 

The T.E. Maxson STP has an approved pretreatment program. An updated 
Industrial Waste Survey must be completed within 120 days from the effective date 
of the new permit.  
 
All permittees with approved pretreatment programs are required to analyze the STP 
influent and effluent for the following pollutant parameters: chromium, copper, lead, 
nickel, zinc, silver, cadmium, mercury, total phenols, and cyanide. These pollutants 
were selected because, historically, they are the ones that tend to be predominant in 
industrial wastewaters. Other pollutants may be added to the list, as required. 
 
During preparation of this permit, data previous annual reports, as well as data from 
previous Toxics Release Inventory (TRI) lists, were analyzed. If any particular value 
of a pollutant equals or exceeds 85% of the pass-through limit, or if the TRI list 
indicates what may be a significant amount of other pollutants being discharged to 
the sewer system, the pollutant was added to the list of those that are required to be 
sampled. Based on our review of the annual reports and other documents, sampling 
for additional pollutants is not required at this time. 
 
Pretreatment Compliance Inspections (PCIs) were completed by TDEC personnel 
during June, 2003, April, 2006, and July 2008, and the permittee received a 
satisfactory rating for its pretreatment program. 
 

R10.21. WASTEWATER TREATMENT SYSTEM INTEGRITY EVALUATION 
 

The permittee must within eighteen months from the permit’s effective date submit to 
TDEC’s Nashville Central and Environmental Field Offices (Division of Solid Waste 
Management) and Division of Water Pollution Control – Permit Section) a report 
which addresses the structural integrity of any earthen basins associated with its 
wastewater treatment facilities and any waterborne waste and sludge 
storage/disposal units that are constructed of earthen fill.   
 
Upon submittal of the structural integrity assessment and based on recommendations 
and/or qualifiers provided in the report, TDEC and the permittee will determine what, 
if any, improvements will be required. Based on the potential for harm to human 
health as described, additional site specific evaluations may be required.  
 

 Requirements to include permit provisions deemed necessary to protect waters of the 
state, are based on T.C.A. § 69-3-108. It is expected that the permittee’s structural 
integrity submittals will be reviewed by the division’s Water Pollution Control and Solid 
Waste Management personnel. Although it has not been determined at this time, the 
division may request additional evaluation input from its outside consultants and/or 
the U.S. EPA. 
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Because the permittee’s treated effluents from its M.C. Stiles STP (TN0020711) and 
T.E. Maxson STP (TN0020729) are the only significant discharges within the 
Mississippi Watershed, these permits will expire in 2015. 
 

 
Tennessee’s Antidegradation Statement is found in the Rules of the Tennessee 
Department of Environment and Conservation, Chapter 1200-4-3-.06. It is the 
purpose of Tennessee’s standards to fully protect existing uses of all surface waters 
as established under the Act. 

 
Stream determinations for this permit action are associated with the waterbody 
segment identified by the division as segment ID# TN080100000_1000. 
 
The division has made a determination of the receiving stream for the permittee’s 
discharge and has found the river to be a high quality water. No permanent 
degradation of water quality will be allowed unless the applicant demonstrates to the 
Water Quality Control Board that the degradation is for necessary economic or 
social development and will not interfere with or become injurious to any existing 
uses. The specific requirements for this demonstration are described in the Rules of 
the Tennessee Department of Environment and Conservation, Chapter 1200-4-3-
.06(4).  
 
This water does not fully support its fish/aquatic life and recreation designated uses 
due to mercury, dioxin, chlordane, physical substrate habitat alterations, 
polychlorinated biphenyls (PCBs). The proposed new permit specifically addresses 
the relevant contaminants (mercury via more sensitive monitoring, 
dioxin/chlordane/PCBs discharge limits at water quality standards pursuant to the 
following referenced TMDL.  The division has noted sources causing this not fully 
supporting status as being due to dredging, contaminated sediments, grazing in 
riparian or shoreline zones and atmospheric deposition (toxics).  
 

The Mississippi River is classified as Exceptional Tennessee Waters (since it 
provides habitat for the Pallid Sturgeon (federally endangered) and the Blue Sucker 
(state of Tennessee threatened) and no increase in water quality degradation will be 
authorized unless the permittee demonstrates to the Water Quality Control Board 
such degradation is economically and socially justifiable. The specific requirements 
for this demonstration are described in Rule 1200-4-3-.06(4).  
 
The following TMDL has been developed and approved for the Mississippi River: 
 
Parameters      TMDL Approval Date 
Chlordane, Dioxins and        July 25, 2008 
Polychlorinated Biphenyls (PCBs) 
 
The proposed terms and conditions of this permit comply with the wasteload 
allocations of this TMDL. 
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Appendix R-1 
Current NPDES Permit Requirements 
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Appendix R-2A 
Discharge Monitoring Report (DMR) Summary 
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Appendix R-2B 
E. coli Monitoring Data 
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Appendix R-2C 
Treated Effluent – Listed Organic Pesticide Chemicals and PCB Results 
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Appendix R-2D 
Treated Effluent - Total Dioxin Results 
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Appendix R-2E 
Treated Effluent - Biomonitoring Results 
 
 

LC50  and NOEC Results: 
 
 
LC  (96 hour): (Jun. 13-14, 2000, and Jun. 18, 2000) 
 
Ceriodaphnia dubia (water flea) = 70.7% 
 Pimephales promelas (fathead minnow) = 54.4% 
 
NOEC (7 day): (Jun. 13-14, 2000, Jun. 15-16, 2000, and Jun. 18, 2000) 
 
Ceriodaphnia dubia (water flea): Survival = 50% and Reproduction = 50% 
Pimephales promelas (fathead minnow): Survival < 6.25% and Reproduction < 6.25% 
 
 
IC25  Results: 
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Appendix R-2F 
Cake Solids Mercury Results 
 

 
T. E. Maxson STP Sludge Mercury Content 

 
     
 

Date Sludge Hg  
 

 
    (mg/kg) 

 
 

      
 

 
10/12/2005 Secondary Cake 0.48 

 
 

9/11/2002 Secondary Cake 0.161 
 

 
12/5/2001 Primary Cake 0.161 

 
 

Note:  2010 biosolids/sludges Hg = 0.74 mg/kg. 
 

 
          2009 biosolids/sludges Hg = 0.66 mg/kg. 
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Appendix R-3 
Calculations – Federal Secondary Treatment Standards Effluent BOD  and TSS Variances   
 ____________________________________________________________________________  
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Appendix R-4 
Aquatic Toxicity Potential due to Ammonia Nitrogen and Total 
Residual Chlorine (TRC) - Considerations 
 
Potential aquatic toxicity within the Mississippi River due to the permittee’s Outfall 001 
discharged treated effluent ammonia-nitrogen and total residual chlorine (TRC) if chlorination is 
used, is addressed in this section.  
 
AMMONIA- NITROGEN AQUATIC TOXICITY CONSIDERATIONS 
 
To access chronic aquatic toxicity impacts, the state uses the EPA document, 1999 Update to 
Ambient Water Quality Criteria for Ammonia and assumed stream temperatures of 25°C and 
15°C and pH of 7.5 or 8.0 to derive an allowable instream protection values. A mass balance 
equation with permittee’s discharge and stream flows and this allowable value determines the 
monthly average permit limit. The criteria document states that a 30Q5 flow value is protective 
in deriving allowable values. Where the division has 30Q5 flow values, the division may use 
them. Otherwise, the division utilizes the available 7Q10 or 1Q10 values that are generally more 
conservative. The criteria continuous concentrations (CCC) derived from assumed temperature 
and pH values are as follows: 

 
 
 
 
 

The mass balance equation is as follows: 
 
 

STPS

STPSTPSS

QQ
CQCQCCC    or,  

STP

SSSTPS
STP Q

CQQQCCCC  

where: 
 
CCC =Criteria continuous concentration (mg/l) 
QS =Mississippi River 7Q10 flow (70,500 MGD) and Cooling Water Channel 

(TVA’s Allen Fossil Plant Outfalls 002 and 003, 507.6 MGD) 
QSTP =STP Design flow (90 MGD) 
CS =Assumed/Measured upstream NH3 – N (0.1 mg/l) 
CSTP =Allowable STP discharge NH3 – N (mg/l) 
 

Assuming Complete Treated Effluent Dispersion Within the Receiving Stream: 
 
Within Mississippi River 
 
(summer) 
CSTP = 0.90 (70,500+507.6+90) − (70,500 x 0.1l)  = 633 mg/l  

     90  
(winter) 
CSTP = 1.71 (70,500 +507.6+90) − (70,500 x 0.1)  = 1,273 mg/l  

     90  
 

CCC values based on temperature and pH, in mg/L: 
       Temperature ( C) 7.5 pH 8.0 pH  Temperature ( C) 7.5 pH 8.0 pH 

30 1.61 0.90  20 3.06 1.71 
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Based on the permittee’s treated effluent discharge characteristics (as provided in 
the permit renewal application) and the above evaluation results, Outfall 001 NH3-N 
permit limits for discharge to the Mississippi River are not warranted.  
 

TOTAL RESIDUAL CHLORINE (TRC) TOXICITY CONSIDERATIONS 
 

Should the permittee start using chlorination for effluent disinfection, the following 
approach would be applicable. An acute residual chlorine limit is determined using 
the following mass balance and the EPA instream protection value of 0.019 mg/l for 
fish and aquatic life: 

 
Assuming Complete Treated Effluent Dispersion Within the Receiving Stream: 

 
where: 
  0.019  = instream acute protection value (mg/l) 
  90  = Qd, STP design flow (MGD) 
  70,500  = Qs, Mississippi River 7Q10 flow (MGD) 

    
Within - Mississippi River 

          
 Limit (mg/l)   = 
 

 
 
 
 

New permit TRC limit for Outfall 001 discharge = 2.0 mg/l (from industry practice for 
breakpoint chlorination where 2.0 mg/l of free residual chlorine is associated with a 30 
minute hydraulic retention time). 

 
 
 

0.019 (Qd + Qs) =  0.019(90+70,500) = 14.9 mg/l 
Qd   90 
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Appendix R-5 
Whole Effluent Toxicity - Biomonitoring (LC  and IC ) Considerations 

 
The division evaluates all dischargers for reasonable potential to exceed the 
narrative water quality criterion, “no toxics in toxic amounts” and the division has 
determined that for municipal facilities with stream dilutions of less than 500:1, any 
of the following conditions may demonstrate reasonable potential to exceed this 
criterion (the T.E. Maxson STP has all three) :   

 
a. Some toxicity is suspected or demonstrated. 
b. A pretreatment program is required. 
c. The design capacity of the facility is greater than 1.0 MGD. 
 

Based on the permittee’s Outfall 001 treated effluent whole effluent toxicity (WET) 
results, the division considers potential WET conditions exists within the Mississippi 
River. The permittee’s 90 MGD Outfall 001 discharge translates to a 790:1 dilution 
for fully dispersion within the Mississippi River.  
 
EPA’s Technical Support Document for Water Quality Based Toxics Control 
(TSD) recommends that the evaluation of both acute and chronic toxicity be based 
on the number of observations in the data set, the coefficient of variation and an 
uncertainty factor. The uncertainty factor value is taken from a chart in the technical 
support document and the coefficient of variation (C.V.) is based on the following 
numbers. 
 
  Less than ten observations    C.V. = 0.6 
  More than ten observations   C.V. = Standard Deviation/Mean 
 
Biomonitoring test results are converted to Toxic Units (TU) as follows: 
  
  TUa = 100/LC  (for acute test results) 
  TUc = 100/NOEC or 100/IC
 
To determine if acute and/or chronic biomonitoring is required in the new permit, the 
final acute value is compared to the criteria maximum concentration (CMC) for acute 
toxicity (CMC = 0.3 X TUa). The CMC is defined as the highest instream 
concentration of an effluent to which organisms can be exposed to for a brief period 
of time without causing an acute effect. The final chronic value is compared to the 
criteria continuous concentration (CCC) for chronic toxicity (CCC = 1.0 X TUc). The 
CCC is defined as the highest instream concentration of an effluent to which 
organisms can be exposed to indefinitely without causing an unacceptable effect. In 
the absence of chronic data, an acute to chronic ratio (ACR) of 4.4 is assumed (TSD 
Appendix A.3). 
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In the current permit, the division used the NOEC as the measure of chronic toxicity 
and coupled it with the requirement to estimate the 96-hour LC50 (acute toxicity) from 
the NOEC. However, LC50 values cannot be accurately calculated from the NOEC, 
since the test requirements are different. The chronic toxicity IC25 test is deemed 
equal to but statistically preferred to the NOEC because the IC25 is not readily 
affected by variability in the test data and it incorporates both mortality and chronic 
effects.  
 
As shown in the above biomonitoring summary table for discharge to the Mississippi 
River, the estimated TUa and TUc values do not exceed the CMC and CCC, 
respectively. As such, a reasonable potential for instream acute and chronic toxicity 
are not demonstrated, for the Outfall 001 treated effluent fully dispersed in the 
Mississippi River under low-flow conditions. However, since the actual Outfall 001 
discharge mixing characteristics within the Mississippi River have not been 
determined at this time, 48-hour LC  biomonitoring testing is also required for the 
new permit. The division may modify the new permit acute WET requirements if 
warranted based the actual Outfall 001 biomonitoring results, and the Outfall 001 
discharge transport/dispersion characteristics within the Mississippi River, pursuant 
to the new permit’s Section 3.5 requirements. 
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Appendix R-6 
Water-Quality Based Effluent Calculations- Other 
Parameters/Antidegradation Considerations 
 

The following procedure is used to calculate the allowable instream concentrations 
within the Mississippi River for pass-through guidelines and permit limitations. Water 
quality assessments (acute aquatic toxicity and human health considerations) were 
also completed for the Outfall 001 treated effluent discharge to the Cooling Water 
Channel. 

 
a. The following general approach was used for water quality calculations related to 

discharge to the Mississippi River, based on recent data: 
 

* 7Q10 of receiving stream (70,500 MGD, USGS) 
* Calcium hardness (192 mg/l) 
* Total suspended solids (71 mg/l, default) 
* Background metals concentrations (½ water quality criteria) 
* Other dischargers impacting this segment (as referenced) 
* Downstream water supplies, not applicable 

  
b. The chronic water quality criteria is converted from total recoverable metal at lab 

conditions to dissolved lab conditions for the following metals: cadmium, copper, 
lead, nickel and zinc. Then translators are used to convert the dissolved lab 
conditions to total recoverable metal at ambient conditions. 

 
c. The acute water quality criteria is converted from total recoverable metal at lab 

conditions to dissolved lab conditions for the following metals: cadmium, copper, 
lead, nickel, zinc, and silver. Then translators are used to convert the dissolved 
lab conditions to total recoverable metal at ambient conditions for the following 
metals: cadmium, copper, lead, nickel, and silver. 

 
d. The chronic criteria for Chromium (T) is given in the total recoverable form and is 

not converted to a dissolved lab condition or to the total recoverable ambient 
condition. 

 
e. A standard mass balance equation determines the total allowable concentration 

(permit limit) for each pollutant. This equation also includes a percent stream 
allocation of no more than 90%. 

 
The following formulas are used to evaluate water quality protection: 

 
Cm =   QsCs + QwCw  

  Qs + Qw 
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where: 
 

Cm =  resulting in-stream concentration after mixing 
Cw  =  concentration of pollutant in wastewater 
Cs  =  stream background concentration 
Qw  =  wastewater flow 
Qs  =  stream low flow 

 
to  protect  water  quality: 

 
Cw    (SA) [Cm (Qs + Qw) - QsCs] 

          Qw 
 

where (SA) is the percent “Stream Allocation”. 
 

Calculations for this permit have been done using a standardized spreadsheet, titled 
"Water Quality Based Effluent Calculations."  Division policy dictates the following 
procedures in establishing these permit limits: 

 
1. The critical low flow values are determined using USGS data: 

 
Fish and Aquatic Life Protection 
7Q10 - Low flow under natural conditions 
1Q10 - Regulated low flow conditions 
 
Other than Fish and Aquatic Life Protection 

  30Q5 - Low flow under natural conditions 
 

2. Fish & Aquatic Life water quality criteria for certain Metals are developed through 
application of hardness dependent equations. These criteria are combined with 
dissolved fraction methodologies in order to formulate the final effluent 
concentrations. 

 
3. For criteria that are hardness dependent, chronic and acute concentrations are 

based on a Hardness of 25 mg/L and Total Suspended Solids (TSS) of 10 mg/L 
unless STORET or Water Supply intake data substantiate a different value. 
Minimum and maximum limits on the hardness value used for water quality 
calculations are 25 mg/L and 400 mg/L respectively. The minimum limit on the 
TSS value used for water quality calculations is 10 mg/L.  

 
4. Background concentrations are determined from the division database, results of 

sampling obtained from the permittee, and/or obtained from nearby stream 
sampling data. If this background data is not sufficient, one-half of the chronic 
“In-stream Allowable” water quality criteria for fish and aquatic life is used. If the 
measured background concentration is greater than the chronic “In-stream 
Allowable” water quality criteria, then the measured background concentration is 
used in lieu of the chronic “In-stream Allowable” water quality criteria for the 
purpose of calculating the appropriate effluent limitation (Cw). Under these 
circumstances, and in the event the “stream allocation” is less than 100%, the 
calculated chronic effluent limitation for fish and aquatic life should be equal to 
the chronic “In-stream Allowable” water quality criteria. These guidelines should 
be strictly followed where the industrial source water is not the receiving stream. 
Where the industrial source water is the receiving stream, and the measured 
background concentration is greater than the chronic “In-stream Allowable” water 

EPA-HQ-2019-004783   001575



T.E. Maxson STP (Rationale) 
NPDES Permit TN0020729  

Page R-35  

 

quality criteria, consideration may be given as to the degree to which the 
permittee should be required to meet the requirements of the water quality 
criteria in view of the nature and characteristics of the receiving stream. 

 
The spreadsheet has fifteen (15) data columns, all of which may not be applicable to 
any particular characteristic constituent of the discharge. A description of each 
column is as follows: 

 
Column 1: The "Stream Background" concentrations of the effluent 

characteristics. 
 

Column 2: The "Chronic" Fish and Aquatic Life Water Quality criteria. For 
Cadmium, Copper, Lead, Nickel, and Zinc, this value represents the 
criteria for the dissolved form at laboratory conditions. The Criteria 
Continuous Concentration (CCC) is calculated using the equation: 

 
CCC = (exp { mC [ ln (stream hardness) ] + bC } ) (CCF) 

 
CCF = Chronic Conversion Factor 

 
This equation and the appropriate coefficients for each metal are from 
Tennessee Rule 1200-4-3-.03 and the EPA guidance contained in 
The Metals Translator: Guidance For Calculating A Total Recoverable 
Permit Limit From a Dissolved Criterion (EPA 823-B-96-007, June 
1996). Values for other metals are in the total form and are not 
hardness dependent; no chronic criteria exists for silver. Published 
criteria are used for non-metal parameters. 

 
Column 3: The "Acute" Fish and Aquatic Life Water Quality criteria. For 

Cadmium, Copper, Lead, Nickel, Silver, and Zinc, this value 
represents the criteria for the dissolved form at laboratory conditions. 
The Criteria Maximum Concentration (CMC) is calculated using the 
equation: 

 
CMC = (exp { mA [ ln (stream hardness) ] + bA } ) (ACF) 
 
ACF = Acute Conversion Factor 
 
This equation and the appropriate coefficients for each metal are from 
Tennessee Rule 1200-4-3-.03 and the EPA guidance contained in 
The Metals Translator: Guidance For Calculating A Total Recoverable 
Permit Limit From a Dissolved Criterion (EPA 823-B-96-007, June 
1996). Values for other metals are in the total form and are not 
hardness dependent; no acute criteria exists for Total Chromium. 
Published criteria are used for non-metal parameters. 

 

EPA-HQ-2019-004783   001576



T.E. Maxson STP (Rationale) 
NPDES Permit TN0020729  

Page R-36  

 

Column 4: The “Fraction Dissolved” converts the value for dissolved metal at 
laboratory conditions (columns 2 & 3) to total recoverable metal at in-
stream ambient conditions (columns 5 & 6). This factor is calculated 
using the linear partition coefficients found in The Metals Translator: 
Guidance For Calculating A Total Recoverable Permit Limit From a 
Dissolved Criterion (EPA 823-B-96-007, June 1996) and the equation: 

 
    Cdiss       1 
        =     
    Ctotal  1 + { [Kpo] [ss(1+a)] [10-6] } 

 
ss = in-stream suspended solids concentration [mg/l] 

 
Linear partition coefficients for streams are used for unregulated 
(7Q10) receiving waters, and linear partition coefficients for lakes are 
used for regulated (1Q10) receiving waters. For those parameters not 
in the dissolved form in columns 2 & 3 (and all non-metal 
parameters), a Translator of 1 is used. 

 
Column 5: The "Chronic" Fish and Aquatic Life Water Quality criteria at in-

stream ambient conditions. This criteria is calculated by dividing the 
value in column 2 by the value in column 4. 
 

Column 6: The "Acute" Fish and Aquatic Life Water Quality criteria at in-stream 
ambient conditions. This criteria is calculated by dividing the value in 
column 3 by the value in column 4. 

 
Column 7: The "Chronic" Calculated Effluent Concentration for the protection of 

fish and aquatic life. This is the chronic limit. 
 
Column 8: The "Acute" Calculated Effluent Concentration for the protection of 

fish and aquatic life. This is the acute limit. 
 
Column 9: The In-Stream Water Quality criteria for the protection of Human 

Health associated with the stream use classification of Organism 
Consumption (Recreation). 
 

Column 10: The In-Stream Water Quality criteria for the protection of Human 
Health associated with the stream use classification of Water and 
Organism Consumption. These criteria are only to be applied when 
the stream use classification for the receiving stream includes both 
“Recreation” and “Domestic Water Supply.” 

 
Column 11: The In-Stream Water Quality criteria for the protection of Human 

Health associated with the stream use classification of Domestic 
Water Supply. 

 
Column 12:  The Calculated Effluent Concentration associated with Organism 

Consumption. 
 

Column 13: The Calculated Effluent Concentration associated with Water and 
Organism Consumption. 
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Column 14: The Calculated Effluent Concentration associated with Domestic 
Water Supply. 

 
Column 15: The Effluent Limited criteria. This upper level of allowable pollutant 

loading is established if (a) the calculated water quality value is 
greater than accepted removal efficiency values, (b) the treatment 
facility is properly operated, and (c) full compliance with the 
pretreatment program is demonstrated. This upper level limit is based 
upon EPA's 40 POTW Survey on levels of metals that should be 
discharged from a POTW with a properly enforced pretreatment 
program and considering normal coincidental removals. 

 
The most stringent water quality effluent concentration from Columns 7, 8, 12, 13, 
14, and 15 is applied if the receiving stream is designated for domestic water supply. 
Otherwise, the most stringent effluent concentration is chosen from columns 7, 8, 
12, and 15 only.  

 
PASS-THROUGH LIMITATIONS 
  

Pass-through limitations for heavy metals and other toxic substances have been 
recalculated as part of the permit issuance process and/or due to changes in 
industrial waste contribution to the POTW. This POTW is required to 
implement/maintain a pretreatment program. More frequent monitoring will be 
required in the permit if (a) the reported concentrations approach or exceed 
calculated allowable values, (b) significant amounts of particular pollutants are 
present which may impact the treatment process sludge character or the receiving 
stream, or (c) minimum information is lacking to accurately calculate water quality 
protection values, in which case additional stream monitoring may also be required. 
 
Based on the permittee’s annually reported data and the Mississippi River flow, the 
Outfall 001 treated effluent does not indicate that the potential exists for the water 
quality criteria for any parameter to be exceeded. 

 
VOLATILE ORGANIC, ACID-EXTRACTABLE, AND BASE-NEUTRAL COMPOUNDS 
 

The division evaluated effluent concentrations of volatile organic, acid-extractable, 
and base-neutral compounds and antimony, arsenic, beryllium, selenium and 
thallium for potential to violate water quality criteria using the following mass balance 
equation: 

 
Cm =   QsCs + QwCw  

  Qs + Qw 
 

where: 
 

Cm  =  resulting in-stream concentration after mixing 
Cw  =  concentration of pollutant in wastewater 
Cs  =  stream background concentration 
Qw  =  wastewater flow, (STP design flow) 
Qs  =  stream low flow 
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to  protect  water  quality: 
 

Cw    Ca 
 

where:  
 
Ca = STP effluent concentration allowable  
 
 = (SA) [Cm (Qs + Qw) - QsCs] 
   Qw 

 
   and (SA) = the percent “Stream Allocation”. 

 
The reasonable potential evaluation uses the following assumptions and procedures: 

 
a. Stream background concentrations, Cs, for all volatile organic, acid-

extractable, and base-neutral compounds equal zero unless actual stream data 
exists to show otherwise. Use of the effluent concentrations of such pollutants 
contributed by upstream dischargers as background is not justifiable due to the 
volatility and reactivity of these pollutants. 

 
b. The stream allocation, SA , is 90% and is used as a factor of safety. 
 
c. A mass balance uses the STP design flow, the receiving stream critical low 

flow (7Q10 or 1Q10), the state water quality numeric criteria, and the stream 
allocation safety factor to derive the allowable effluent concentrations. 

 
d. When pollutants have potential to violate standards because the 

concentrations are below the scan detection levels but could be above the 
allowable water quality based effluent concentrations, the pollutants are handled 
one of three (3) ways: 

 
i. Additional testing of detected and non-detected pollutants is required if 

contributing industrial processes are likely to contain them and the effluent scans 
have not met the minimum required detection levels (RDL) in the state water 
quality standards or approximated the method detection limits (MDL) of the 
approved test methods for the pollutants in 40 CFR Part 136. 

ii. If the required RDL has been used and resulted in non-
detection, or if an MDL has been used with non-detection 
and the contributing industrial processes do not reasonably 
contain that pollutant, the division drops the pollutant from 
further consideration. 

iii. Pollutants detected at levels high enough to violate 
standards are limited in the permit to the allowable 
concentration, Cw, based on STP design flow. 

 
Calculations for this permit have been done using a standardized spreadsheet, titled 
"WQ Based Effluent Calculations- Other Compounds".  
 
The evaluation indicates that volatile organic, acid extractable, and base neutral 
compounds and antimony, arsenic, beryllium, selenium, and thallium do not exhibit 
the potential to violate water quality criteria within the Mississippi River, and thus will 
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not be given effluent limitations and monitoring requirements in the permit from a 
pass – through standpoint. 
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Appendix R-7 
New NPDES Permit Limitations and Monitoring Requirements 
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Section 1
Introduction
The City of Memphis (City) retained CDM Smith Inc. to design and construct disinfection, biological 
treatment and hydraulic capacity improvements at the City’s T.E. Maxson Wastewater Treatment 
Facility (WWTF) via a construction-management-at-risk (CMAR) project delivery method. These 
improvements include:

 Replacement of the Existing Headworks Manual Coarse Screens; 

 Upgrades to the Effluent Pump Station Electrical Improvements;

 Biotower Upgrades and RAS Re-aeration Basin;

 Conversion from coarse bubble to fine bubble diffusers in the Aeration Basins;

 Addition of peracetic acid (PAA) disinfection system including Disinfection Tank;

 Demolition of the existing Clarifier 5-N and 5-S and construction of two new Clarifiers;

 Miscellaneous hydraulic improvements; and, 

 Improvements to the odor control system.

These improvements will be divided into multiple design packages throughout the project duration. 
Package 1, as described in this Preliminary Engineering Report (PER), include construction of the 
Disinfection Tank, the disinfection system Integrated Power Assembly (IPA), improvements to hydraulic 
structures, a drain pump station and electrical improvements at the effluent pump station. This report 
includes: 

Package 1: Disinfection Improvements:

 Basis of Design

 Construction Sequencing and Constraints for Package 1

 Project Schedule

 Opinion of Probable Construction Cost
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Section 2
Disinfection Tank and IPA
CDM Smith recommended that the City utilize bulk peracetic acid (PAA) disinfection at the T.E. Maxson 
WWTF. This section provides definition for a PAA system including initial equipment sizing, 
instrumentation and control requirements, and electrical modifications. The City is leasing the chemical 
feed, storage and control systems from a PAA Provider as part of the chemical purchase agreement, 
similar to what is being done at the M.C. Stiles WWTF. Thus, the basis of design for the PAA system is 
provided for informational purposes, as only the Disinfection Tank is to be constructed in Package 1.

2.1 PAA System Design Basis
The double exponential decay model developed from the results of the pilot and bench testing was 
utilized to establish the basis of design CT (Dose x contact time) values at minimum, average and peak 
conditions, which are shown in Table 2-1. The City requested that the Disinfection Tank size be 
designed such that quenching of the PAA was not necessary at peak flow to achieve the Project’s PAA 
residual limit of 1 mg/L, which is half of the PAA residual value (2 mg/L) set by the State of Tennessee. 
The resulting optimization of the Disinfection Tank yielded a volume of 489,000 cubic feet, which was 
utilized to establish the contact times and PAA doses at the various flow rates.  Table 2-2 summarizes 
the design log inactivations, CT values, flow rates, contact times and PAA design doses at the design 
conditions. The basis of design for the PAA system is summarized in Table 2-3.

Table 2-1 Required PAA CTs and Design Points

Flow Conditions Flow (MGD) Required Log Inactivation CT*

Permitted Average 90 3.92 87.1

Peak Hour 170 3.82 74.1

Daily Minimum 50 2.81 22.4
*CT results include a 1.3x safety factor for scaling up to full scale.

Table 2-2 Required PAA Doses to Achieve Disinfection Design Criteria
Required Log 
Inactivation

Design CT 
(mg/L*min)

Flow  
(MGD)

Contact Time 
(min)

Dose mg/L 
(mg/L)

Peak Conditions 3.92 87.10 170 31 8.36

Average Conditions 3.82 74.10 90 59 6.73

Minimum Conditions 2.81 22.36 50 105 4.50

Table 2-3 PAA Basis of Design Summary

Design Plant Flows

Minimum Daily Flow 50 mgd

Current Average Daily Flow 70 mgd

Permitted Average Daily Flow 90 mgd

Maximum Daily Flow 156 mgd
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Peak Hour Flow 170 mgd

Disinfection Tank Criteria

Number of Tanks 1

Tank Configuration Parallel Halves

Overall Tank Length 298.5 feet

Overall Tank Width 159 feet

Number of Passes on Each Half of the Contact Tank 3

Side Water Depth at Peak Hour Flow (1 ft of water height over weir) 13.5 feet

Width of Each Pass 22 feet

Bottom Slab Elevation 208.00 feet

Weir Elevation 220.50

Weir Length per Half/Total 30 LF/60 LF

Tank L:W Ratio 75

Tank H:W Ratio 0.61

Total Tank Volume 489,456 cubic feet

PAA Detention Time

Minimum Daily Flow 105 minutes

Average Daily Flow 75 minutes

Permitted Average Daily Flow 59 minutes

Maximum Daily Flow 34 minutes

Peak Hour Flow 31 minutes

PAA Feed & Pumps Design Criteria1

PAA Chemical Strength2 12-15%

PAA Specific Gravity 1.16

PAA Doses of Active Ingredient for Feed Rate Calcs.3

Minimum Daily 4.5 mg/L

Average Daily 6.6 mg/L

PAA Feed & Pumps Design Criteria1

Permitted Average Daily 6.7 mg/L

Maximum 8.4 mg/L

Total Feed Rates (for 15% solution)

Minimum flow and average dose 80 gph

Average flow and average dose 110 gph

Permitted average flow and average dose 144 gph

Peak hour flow and maximum dose 342 gph

Minimum Pump Turn Down 4.3:1 (will utilized std hose pump turn down)

Number of Dosing Locations per Half of Tank (Primary & Boost) locations) 2

Minimum # of Metering Pumps per Dose Location 2 (1 duty and 1 standby)

Minimum Total # of Metering Pumps 8 (4 duty and 4 standby)
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Bulk Storage and Tanks Design Criteria

Transfer Pumps 2

Fill Station/Piping/Valves Per Manufacturer

Design Flow for Bulk Storage Calculations (permitted average flow) 90 mgd

Number of Day Tanks 2

Total Day Tank Size (permitted avg flow and dose, plus 10%) 3,800 gallons

PAA Volume per Truck Load 4,000 gallons

14-day Storage Volume Required at Design Flow x Permitted Ave. Dose 48,500 gallons

14-day Storage Volume Required at Design Flow x Maximum Dose 60,800 gallons

Total Storage Volume Available 52,000 gallons

Proposed Storage Volume Available per Tank 6,500 gallons

Number of Bulk Tanks 8

Proposed Storage Duration Available at Design Flow x Permitted Ave Dose 15 days

Proposed Storage Duration Available at Design Flow x Maximum Dose 12 days
Notes:
1. Basis of Design values are calculated using a 15% PAA solution. Values will change if 12% PAA solution is utilized.
2. As active ingredient.
3. Dose from PeroxyChem Bench Test (June 2014).

Process and Instrumentation Diagrams for the Disinfection Tank are included in the Package 1 design 
drawings. Process and Instrumentation Diagrams for PAA bulk storage and chemical feed will be 
provided by the PAA Provider.

2.1.1 Disinfection Tank
A new Disinfection Tank will be constructed to provide the necessary PAA contact time. The Disinfection 
Tank plan is included in the 90-percent design drawings submitted to the City in February 2017. The 
tank will be separated into two parallel halves, an east half and a west half. The design criteria for the 
tank are summarized in Table 2-3. Each half of the tank will have three PAA dose points. The first 
primary dose point will be at the head of each half of the tank, with the second primary dose point 
roughly half way through the tank. This allows the control program to select which primary dose point 
to use. The first primary point is utilized during high flow events when a higher CT value is required, and 
the second primary point is for normal flow events. This approach minimizes the opportunity for the 
PAA residual to get too low during high detention times in the tank when PAA is dosed just at the first 
primary dose point. A third dose point is included roughly two-thirds through each half of the tank in 
order to boost the PAA concentration to prevent regrowth at the end of the contact tank. 

Each half of the tank includes a 30 foot long effluent weir, which will include two ultrasonic level 
element/flow indicating transmitter pairs (one duty, one standby). The level elements are utilized to 
determine the height of water over the effluent weir and thus, the flow rate for that half of the tank. The 
flow rates for each half of the tank will be added together and will be utilized as the effluent flow rate.

The tank includes an effluent channel downstream of the tank effluent weirs, which serves two 
purposes. The first is to convey flow to the west side of the tank, and the other is to provide 
supplemental storage volume for the Effluent Pump Station wet well. The effluent channel is 15 feet 
wide and 425 feet long. CDM Smith determined that the new effluent channel in the tank will have 
enough storage capacity to provide adequate cycling of the effluent pumps without considering the 
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volume of the new 102-inch discharge main nor the Effluent Pump Station wet well. Therefore, short 
cycling should not be a concern with the effluent PS. The cycle time for the existing pumps is 
conservatively two starts per hour. The maximum flow per effluent pump is approximately 43,000 gpm 
which would require a water depth of 6.7 feet in the tank effluent channel. The proposed water depth is 
11 feet, providing sufficient storage for the operation of the Effluent Pump Station.

Walkways on the tank are provided as shown on the drawings to allow access to the equipment and 
instrumentation. In addition, stainless steel or FRP grating is provided at dose locations to allow for 
access to the chemical mixers. The top of the tank wall is located 12 inches above grade, so a guardrail 
and toeplate will provided around the perimeter of the tank to prevent falls.

Actuated slide gates will be provided at the entrance to each half of the contact tank in order to isolate it 
for draining purposes. Drain piping and valving will be installed to convey water from various parts of 
the contact tank to the new drain pump station.

2.1.2 PAA Feed System
The chemical feed system will be constructed as part of the PAA Provider’s scope, which will include the 
construction of a new concrete equipment pad. 

The contact tank is divided into two halves, with each half having two primary dosing points, and a 
secondary dosing point. The metering pumps will convey PAA from the storage tanks to the feed point at 
each dose point. The primary dosing points will share dedicated skid-mounted, pumps (one duty and 
one standby) as only one dosing point will be used at a time on a given half of the tank. The secondary 
dose point will have dedicated skid-mounted pumps (one duty and one standby). Features of the 
chemical feed skids will include:

 Self-contained skids with leak-detection to detect PAA leaks in the building;

 Local control panel for operator interface;

 Pump failure alarms;

 PAA flow measurement devices for tracking chemical feed rates;

 Microprocessor based motor speed control unit to modulate chemical feed rate and control the 
pumps; and,

 Calibration column.

2.1.3 Engineering Disciplines
2.1.3.1 Miscellaneous Process Improvements
Two eyewash/emergency shower stations will be installed near the Disinfection Tank. One will serve 
the primary and boost application points and the other will serve the secondary application points. Each 
will be located on the walkway in the center of the tank at equal distance from the application points in 
each channel. 

Package 1 will also require the installation of a new drain pump station to drain the new Disinfection 
Tank, as well as Clarifiers 5-N and 5-S to be installed in a future design package. No existing gravity 
drains are deep enough to establish gravity drainage, and the existing clarifier drain pump station would 
be non-ideal to serve the Disinfection Tank due to its location away from the tank. The new station will 
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be a submersible duplex pump installation  located at the northwest corner of the tank. The pump 
station will be capable of draining either one 135-foot diameter clarifier or one of the Disinfection Tank 
channels in 12 hours. Each pump will be rated at approximately 2,800 gallons per minute, and water will 
be discharge to the head of the plant via the existing plant gravity drain system. Table 2-4 presents a 
tentative design summary of the drain pump station. 

Table 2-4 Drain Pump Station Design Summary

Drain Pump Station Design Criteria

Service
Clarifiers 5N and 5S (2.0 MG) Drain

PAA Channel 1 and 2 (1.85 MG) Drain
Effluent Channel Drain (0.7 MG) Drain

Tank Empty Time (at 2.0 MG tank volume) 12 hours
Pump Type Submersible
Number of Pumps 2 (1 duty, 1 standby)
Pump Capacity 1,900 gpm @ 41 feet TDH
Pump HP 35 HP
Max. Pump Starts per Hour 12
Wet Well Diameter 10 feet
Wet Well Active Volume 3,500 gallons

Wet Well Elevations

Top of Concrete: 225.0
Max. WSE: 203.0
Min WSE: 197.0

Bottom of Wet Well: 195.0
Wet Well Depth 32 feet
Wet Well Inlet Pipe Diameter 12 inches
Discharge Pipe Diameter 15 inches

2.1.3.2 Structural
The new Disinfection Tank will be approximately 295 feet long by 156 feet wide and 21 feet deep.  The 
structure will be constructed of reinforced, cast in place concrete. The structure will be designed to be 
non-buoyant by constructing a new groundwater underdrain system. The tank will have a PAA-resistant 
coating applied to the interior surface. 

2.1.3.3 Civil/Site Work
The PAA supplier will provide chemical piping from the PAA feed equipment to the Disinfection Tank. In 
addition, secondary chemical containment will be provided, with leak detection, for the piping along the 
entire piping run. A detailed description of the civil/site work to be performed is located in Section 3.

2.1.3.4 Electrical
Power to the disinfection system will be derived from the proposed new 23kV distribution loops 
originating from a new substation. The loops consist of a normal circuit and an emergency one circuit for 
redundancy. The estimated load of the PAA system equipment, the motorized slide gates at the effluent 
junction structure, auto sampler pump, drain pump station equipment, site lighting, and associated 
miscellaneous equipment is approximately 180KVA. The electrical system for the disinfection system 
consists of two 225kVA, 23kV-480Y/277V, pad-mounted transformers located outside the Disinfection 
Integrated Power Assembly (IPA) structure; a 480Y/277V, 400A automatic transfer switch (ATS), a 
480Y/277V 400A panelboard, a 30kVA step-down dry-type transformer and a 208Y/120V, 100A 
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panelboard, all located in the new Disinfection IPA. The IPA will be air-conditioned with a Purafil air 
system to ensure the performance of the electrical and control equipment contained inside. 

The control equipment in the Disinfection IPA include a PLC and Operator Interface Terminal (OIT) 
panel for connectivity to the plant wide SCADA system and to calculate the effluent flow rate at the 
Disinfection Tank effluent weirs, and the PAA system control panel, which is provided by the PAA 
provider, and will power and control all the PAA equipment. 

2.1.3.5 Instrumentation and Control
Instrumentation and Control (I&C) improvements are required in order to implement the PAA system. 
I&C is important to the operation of the packaged PAA system, and careful coordination is required for 
interfacing the PAA system with the upgrades to the plant SCADA system being implemented in this 
project. The process and instrumentation diagrams for the PAA process are included in the Package 1 
90-percent design drawings. The PAA system will be controlled by a PLC which will allow for all 
components to be automatically controlled and will provide the ability to alert the operator to process 
problems. An operator interface will provide the operator with means of monitoring and controlling the 
PAA system. The interface will be located in a new programmable logic controller (PLC).

All instrumentation and controls being furnished with the leased PAA system will be the standard 
offering from the PAA system supplier. Ethernet compatibility will be specified and will allow the PAA 
system to be controlled and monitored by the SCADA system via PLC. A PLC panel with an OIT will be 
provided in the electrical room to allow operators to interface with the plant-wide SCADA system. The 
new PLC will allow dedicated monitoring and flow pacing signals to the PAA system. The PLC will 
interface to the existing plant control system via Ethernet. 

2.1.4 Construction Sequencing and Constraints
There are no major constraints that affect the construction of the Disinfection Tank. In terms of 
sequencing, two items will be addressed prior to Disinfection Tank construction. The existing electrical 
feed to the Effluent Pump Station will be relocated and the drain pump station will be installed. The 
Disinfection Tank construction will be conducted in concert with the constraints listed in Specification 
Section 01014 included in the 90-percent specifications.
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Section 3
Effluent Piping and Structures

3.1 Design Basis
3.1.1 Hydraulics
The existing plant hydraulics were analyzed using a comprehensive hydraulic model that was developed 
for the T.E. Maxson WWTF, which included a combination of calculations and the hydraulic modeling 
software, Visual Hydraulics (version 4.2). As described in the Conceptual Design Report (CDR), the 
hydraulic model was calibrated using surface water elevations measured during field hydraulic testing. 

In the existing effluent piping configuration of the T.E. Maxson WWTF, effluent flows from the north and 
south secondary clarifier batteries join in the Chlorine Application Structure, before flowing under a 
baffle wall to the existing Parshall flume. Flow exits the existing Parshall flume structure through an 8-ft 
by 6-ft box culvert which connects to the existing Chlorine Contact Tank Distribution Box and then to the 
Existing Bypass Junction Box. Based on the hydraulic restrictions identified during the existing plant’s 
hydraulic capacity evaluation, the hydraulic requirements for the proposed improvements and changes 
to the plant’s flow path require replacement of the existing effluent structures, including the Chlorine 
Application Structure, Parshall Flume, Chlorine Contact Tank Distribution Box and Bypass Junction Box. 

The proposed hydraulic profile was determined based on the effluent structure modifications described 
above for the following design flows:

 Average Day Flow (ADF) - 90 mgd

 Max Day Flow (MDF) - 156 mgd

 Peak Hour Flow (PHF) - 170 mgd

Hydraulics modeled for the back end of the plant (downstream of the Intermediate Pump Station) are 
impacted by the starting water surface elevation in the receiving cooling channel downstream of the 
plant’s outfall. In order to establish the gravity flow hydraulic profile for the back end of the plant, the 
water surface elevation at the plant’s outfall was set to a constant elevation of 206 feet in the hydraulic 
model. A gravity flow condition occurs when all of the effluent pipes downstream of the Disinfection 
Junction Box flow as partially full, open channels. For flow and river level combinations above gravity 
flow conditions, portions of the effluent piping will transition from open channel flow to fully 
submerged pipes. Based on analysis of historic plant flow data, Mississippi River flood gage data, and the 
calibrated hydraulic model, it was determined that water levels up to and including 206 feet in the 
receiving cooling channel will allow the range of design flows to flow by gravity through the back end of 
the plant with ample freeboard below each of the proposed design control points and weirs. The river 
water elevation of 206 feet corresponds to a river gage level of approximately 22.09 feet at Memphis’s 
Weather Bureau Gage (MS126) in the Mississippi River. 

Further analysis was conducted to determine which river levels above 206 feet would impact upstream 
hydraulics of the proposed design (e.g. submerge control weirs) for the range of design flows, requiring 
use of the Effluent Pumping Station. It was determined that free discharge over the PAA effluent weirs 
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(defined as 0.50 ft of drop below weir inverts) would be maintained for the following flows and 
corresponding maximum river levels:

 90 mgd (ADF) will flow by gravity for river levels up to approximately 217.40 feet (33.49 ft river 
stage).

 125 mgd will flow by gravity for river levels up to approximately 215.20 feet (31.29 ft river stage).

 170 mgd (PHF) will flow by gravity for river levels up to approximately 209.00 feet (25.09 ft river 
stage).

For flows and river levels above these points, the Effluent Pumping Station will need to be used to avoid 
submerging weirs in the Contact Tank and Secondary Clarifiers. Refer to the Hydraulic Analysis of 
Effluent Pump Station Usage Technical Memorandum for further detail on this analysis and results, 
which includes an expectation of how frequent the Station would need to be used based on the historical 
data. 

All elevations are referenced to the NAVD88 datum. Refer to Figure GP-M-5 for the proposed hydraulic 
profile. The only changes that have been made to the proposed hydraulic profile since the CDR relate to 
the proposed modifications to the effluent boxes and water level impacts that resulted from the 
reduction of the two Disinfection Basin effluent weirs from 40 feet to 30 feet, each. These changes 
impacted structures and water levels between the Disinfection Tank weirs and the Secondary Clarifier 
Launders in the profile. 

3.1.1.1 Miscellaneous Hydraulic Improvements 
3.1.1.1.1 Clarifier Effluent Junction Box
In addition to unreliable flow measurements caused by the incorrect installation of the existing Parshall 
Flume, the flume structure is a hydraulic constraint, adding significant headloss to the plant’s profile. 
The proposed design requires complete replacement of the flume/chlorine application structure with a 
new Clarifier Effluent Junction Box. The proposed junction box is presented in Drawing DIS-M-6.

The proposed Clarifier Effluent Junction Box is a cast-in-place concrete box, with interior dimensions of 
20-feet wide by 20-feet long. The existing 8-ft by 6-ft effluent box culvert, two 72-inch clarifier effluent 
pipes and the clarifier bypass pipe will be extended into the new Junction Box. Gates will be constructed 
in the box to isolate the 72-inch clarifier effluent pipes and the clarifier bypass pipe. The existing 24-inch 
effluent water line back to the pipe gallery will be routed through a 12-foot diameter precast manhole 
on the south side of the Clarifier Effluent Junction Box. 

3.1.1.1.2 Effluent Junction Box
The existing Chlorine Contact Tank Distribution Box currently experiences 1 to 2 feet of headloss for the 
range of design flows when its central control gate is fully opened. The structure represents a hydraulic 
choke point in the effluent flow path and replacement is necessary to alleviate this constraint for the 
proposed improvements. The proposed Clarifier 5 N-S Effluent Junction Box, which will replace the 
Chlorine Contact Tank Distribution Box is presented in Drawing DIS-M-6.

The new Effluent Junction Box is a 12-foot by 11-foot concrete box, which will connect the effluent pipes 
from proposed Secondary Clarifiers 5-N and 5-S to the existing 8-ft by 6-ft effluent box culvert, 
combining with effluent from the eight existing secondary clarifiers. The combined clarifier effluent flow 
will exit the new box through the existing downstream box culvert. Isolation gates will be provided on 
the connections to the pipes from proposed Secondary Clarifiers 5-N and 5-S.
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3.1.1.1.3 Disinfection Junction Boxes
The existing Bypass Junction Box will be replaced with two proposed Disinfection Junction Boxes 
attached to the Contact Tank to facilitate flow diversion to and from the new Contact Tank downstream 
of the secondary clarifiers. The Disinfection Tank Bypass Chamber is 12-foot by 14-foot and contains 
144-inch wide stop logs and a 96-inch by 72-inch slide gate to direct flow into or bypassing the Contact 
Tank.

The Disinfection Effluent Chamber is a 30-foot by 15-foot with motorized isolation gates for the 78-inch 
effluent pipe and the 84-inch pipe to the Effluent Pump Station to facilitate automated rerouting of the 
flow to the Effluent Pump Station during flood conditions. This will allow the PAA Contact Tank to 
continue operating with free discharge over its effluent weirs during flooding conditions. Refer to the 
Control Narrative in Section 3.2 for more details on the flow rerouting sequence. 

3.1.1.1.4 Flow Measurement Weirs in Contact Tank
As previously described, the existing Parshall flume is unreliable for accurate flow measurement. For the 
proposed improvements, flow measurement will be provided at the downstream end of the Contact 
Tank via two 30-foot effluent weirs (one per half of that tank).  Head over the weirs, ranging from 
approximately 0.84 feet of head at the ADF, up to 1.29 feet of head at the PHF, will be measured by a 
level transducer sensor for measurement of effluent flow leaving the basin. Level transducer accuracy is 
expected to range from approximately 4 percent error at 90 mgd (ADF), down to 2 percent error at 170 
mgd (PHF). Head over these weirs is expected to increase by approximate quarter-inch increments for 
each additional 3.7 mgd of total flow (1.85 mgd per weir) above the ADF.  

3.1.1.1.5 Effluent Water Pump Station
Four effluent water (EW) pumps will be installed directly upstream of the flow measurement weir. 
These pumps supply disinfected effluent water to the effluent manhole directly south of the Clarifier 
Junction Box. These pumps are sized to provide between 800 and 1,200 gallons per minute (gpm) each 
(2 operating and 2 standby) of effluent water to supply the existing Non-Potable Water (NPW) Pumps 
located in the Aeration Building. The pumps are 25 horsepower (hp) each.

3.1.2 Site and Road
3.1.2.1 Site Improvements
Site grading will be modified as required to accommodate the new structures. Minimal grading will be 
required for the new junction box structures and for the new PAA equipment pad, but significant 
grading will be required for the new Contact Tank due to its size and location. The existing storm drain 
system on site will be used to the greatest extent possible to accommodate surface drainage around the 
new structures. Some elements of the existing storm drain system will need to be cleaned and/or 
repaired to restore adequate site drainage. In particular, the storm drain pipe discharging into the 
undeveloped area to the south is damaged and partially filled with silt.

3.1.2.2 Road Improvements
The construction of the new Contact Tank will require the relocation of the existing site drive at the 
southwest corner of the site. Approximately 1,000 linear feet of new paved drive will be constructed 
along the south and west sides of the new Contact Tank in a future package. In conjunction with this new 
drive construction, provisions will be made for the future PAA unloading area and equipment pad. In 
addition, the new drive will be designed for turning radii and wheel loads of the PAA delivery trucks. A 
temporary gravel service drive will be constructed as part of Package 1 to facilitate PAA deliveries until 
the permanent roadway is in place.
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3.1.3 Engineering Disciplines
3.1.3.1 Miscellaneous Process Improvements
There will be two new automatic samplers installed at the Disinfection Junction Box. One sampler will 
be located on the upstream portion of the structure, and will be utilized to collect a 24-hour composite 
sample ahead of the PAA Contact Tank. This will allow the City to measure the BOD concentration and 
other water quality parameters of the secondary effluent. The second sampler will be located on the 
downstream portion of the structure, and will be utilized to collect a 24-hour composite sample for 
compliance with the WWTF’s effluent permit. Both samplers will be refrigerated, dipper style and will 
require a dedicated pump to convey a constant flow to the sampler. In addition to power (115 V, single 
phase, 60 Hz), the samplers will need dedicated 4-20mA signals for the effluent flow so that samplers 
can adjust sampling based upon flow rate. The sampler shall be the Sentinel Model by N-CON Systems 
Company, Inc., or equal.

3.1.3.2 Structural
The new effluent structures will be constructed of reinforced, cast in place concrete. The structures will 
be designed to be non-buoyant by either dead weight or constructing a new groundwater underdrain 
system.

3.1.3.3 Electrical
Two effluent slide gates motors are rated at 3HP each and the effluent junction structure auto sampler 
pump is rated at 5HP. Power to these motors will be derived from the 480V MCC-304 located in the PAA 
Chemical Feed Building via underground conductors. Safety switch will be provided at each motor or 
pump. 

3.1.3.4 Instrumentation & Controls
The automatic samplers will each need a 4-20mA signal from the effluent flow meter in order for the 
samplers to be flow paced.

3.2 Control Narrative
As mentioned in Section 3.1.1.1.3, the downstream Disinfection Tank Effluent Chamber will be outfitted 
with motorized isolation gates, installed on the existing 78-inch discharge pipe, 84-inch Effluent Pump 
Station pipe and isolating the Contact Tank. These automated gates will facilitate bypass pumping 
during flood conditions by rerouting flow to the Effluent Pump Station. For the duration of the flood 
condition, use of the Effluent Pump Station will be required to maintain free discharge over the effluent 
weirs of the Disinfection Basin. Keeping these weirs unsubmerged will maintain accurate level 
transducer readings of head over the weir for flow measurement.

A new PLC and level instrumentation will be installed at the effluent pump station to accommodate the 
automatic controls. The effluent pumps will be controlled based on flow over the PAA Contact Tank 
weirs with redundant level controls. The new controller will connect into the existing SCADA network. 

The sequence of operation to reroute the disinfected effluent flow to the Effluent Pump Station will be 
initiated during a ‘flood condition’, defined as any time the water level in the effluent channel of the PAA 
Contact Tank reaches a height within 6 inches below the effluent weir inverts. Based on the current 
design, the level considered a flood condition in the effluent channel would be 220.00 feet, one-half foot 
below the weir invert of 220.50 feet. A level sensor, placed directly downstream of the effluent weirs in 
the disinfection effluent channel will detect a flood condition. When the water level in the effluent 
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channel exceeds 220.00 feet and an adjustable timer as expired (initial recommended setting of 2 
minutes), the following flow reroute sequence will be initiated:

1. The motorized isolation gate for the 84-inch pipe to Effluent Pump Station will be signaled to 
open, allowing effluent to begin flowing into the Pump Station.

2. Once the 84-inch pipe is opened, pumps in the Effluent Pump Station will be signaled to begin 
turning on, pumping to the Pumps Station’s dedicated effluent channel. The number of pumps to 
be started will be determined by the flow over the Disinfection Basin Effluent Weirs. 

3. Once the pumps have started and an adjustable timer has expired (initial recommended setting of 
1 minute), the gate to the 78-inch pipe in the Disinfection Junction Box will be signaled to close.

4. The Effluent Pumps will then be controlled by level in the Effluent Pump Station Wet Well. The 
station will be controlled to operate with a Lead, Lag 1, Lag 2, and Lag 3/Standby operation.  

Effluent will continue to be pumped from the Effluent Pump Station until an Operator determines that 
the flood condition event is over. This determination will be made based on flow and flood gage data. 
Once the Operator has determined the flood event is over, plant effluent will be routed back to normal 
operation through the 78-inch pipe by the following sequence:

1. The motorized isolation gate for the 78-inch pipe will be signaled to open.

2. All Effluent Pump Station pumps other than the Lead pump will be turned off.

3. The motorized gate to the 84-inch Effluent Pump Station pipe will be signaled to close.

4. The Lead pump will dewater the Effluent Pump Station down to the all pump off level.   

When the gate to the 84-inch pipe is closed and the gate to the 78-inch pipe is opened, plant effluent will 
continue along its normal operating flow path.

3.3 Construction Sequencing and Constraints 
The proposed modifications/replacements for the existing effluent structures will require bypass 
operations during construction. It is recommended that this is achieved by installing bypass piping to 
divert flow to the existing Effluent Pump Station upstream of the existing Parshall flume structure, plus 
some additional bypass pumping. Use of the Effluent Pump Station during this bypass pumping period is 
contingent on the condition of the existing Pump Station effluent channel. This channel will need to be 
inspected to assess the existing structural condition and whether it is suitable to convey flow for 
extended bypass periods. In addition, Tennessee Department of Environmental Conservation will need 
to be engaged in this decision.

The proposed bypass piping connects the existing 72-inch North and South Clarifier Effluent pipes to the 
66-inch Influent pipes into Clarifier No 5-N/North Effluent Wetwell and Clarifier No 5-S/South Effluent 
Wetwell via parallel 48-inch and temporary 54-inch pipes. The 48-inch pipes will be used in the design 
of the New Clarifiers No 5-N and 5-S. The parallel 54-inch temporary bypass pipes are sized based on the 
worst case scenario of sending the entire PHF of 170 mgd to the Effluent Pump Station Wetwell via the 
North and South Clarifier Effluent bypass piping. If a portion of this forward flow is pumped directly 
from the Clarifier No 5-S and 5-N Effluent Wetwells, upstream of the existing combined 84-inch Effluent 
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Pump Station pipe, these parallel 54-inch bypass pipes could potentially be downsized to 48-inch 
diameter pipes. This condition will be further examined as design progresses. 

The plant effluent would then be pumped out of the Clarifier No 5-S and 5-N Effluent Wetwells via the 
Effluent Pump Station from Clarifier No 5-N/North Effluent Wetwell and Clarifier No 5-S/South Effluent 
Wetwell.  

The proposed bypass piping can convey 85 MGD through each set of parallel pipes to the Clarifier No 5-
N/North Effluent Wetwell and Clarifier No 5-S/South Effluent Wetwell for a total flow of 170 MGD. 
However, based on current operating data, the Effluent Pump Station is limited to pumping 
approximately 140 MGD with three pumps in operation. The City is conducting testing of the existing 
effluent pumps and are planning to have the pumps serviced/repaired as necessary to restore them to 
their original factory hydraulic performance. With three pumps in service based on the original factory 
test curves the station should be able to pump 159 MGD, and in Package 1 provision are being complete 
that will allow the operation of all four effluent pumps to meet a peak hour condition of 170 MGD.

During the proposed modifications, it will also be necessary to provide bypass pumping to keep the non-
potable water system in operation. To do this, effluent water will be pumped from the Clarifier No 5-
S/South Effluent Wetwell into the 24-inch non-potable water system supply line currently connected 
downstream of the Parshall flume. Two 1,000 gpm capacity self-priming pumps will be required.   

Step 1
Close the 66-inch gate to the existing Clarifier No 5-S/South Effluent Wetwell in the existing Distribution 
Box. Disconnect the 66-inch pipe from the Distribution Box and temporally cap the 66-inch pipe 
remaining connected to the Distribution Box.  Next connect and install the new temporary 54-inch 
bypass pipe between the end of the 66-inch pipe to within close proximity of the existing 72-inch South 
Clarifier Effluent pipe as shown in the proposed yard piping Drawings GS-C-505, GS-C-506, and GS-C-
507 and install a temporary line stop on the in the 54-inch pipe.

Step 2
Make a hot tap on the existing 72-inch South Clarifier Effluent pipe with a 48-inch connection that will 
then be connected to the existing 48-inch PCCP pipe that connects to the 66-inch pipe into Clarifier No 5-
S/South Effluent Wetwell. Once that 48-inch is in place, install a temporary line stop on the 72-inch 
South Clarifier Effluent pipe. When this has been completed, the plant, based on the hydraulic model 
should pass approximately 85 MGD through the North Clarifier Effluent System and approximately 60 
MGD through the 48-inch connection on the South Clarifier Effluent System downstream of the 
Clarifiers.

Step 3
Close the gate for the existing 72-inch South Clarifier Effluent pipe in the existing Parshall Flume Box. 
Next, disconnect the 72-inch South Clarifier Effluent pipe from the Parshall Flume Box and cap the 
portion of the pipe still connected to the Parshall Flume Box.  

Connect the temporary 54-inch bypass pipe to the 72-inch South Clarifier Effluent pipe as shown in 
Drawings GS-C-505, GS-C-506, and GS-C-507
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Figure 3-1 Existing Effluent System from the Parshall Flume to the Distribution Box

Step 4
Remove the temporary line stop on the 72-inch South Clarifier Effluent pipe and the 54-inch bypass 
piping. The flow will now be conveyed through both the 48-inch and 54-inch parallel bypass piping. 
When this has been completed, the plant, based on the hydraulic model should pass approximately 85 
MGD through the North Clarifier Effluent System and approximately 85 MGD through the bypass piping 
on the South Clarifier Effluent System downstream of the Clarifiers.

Step 5
Install the bypass pumping pumps to maintain the operation of the non-potable water system in 
operation connected to Clarifier No 5-S/South Effluent Wetwell and connect it to the 24-inch non-
potable water pipe currently connected to the Parshall Flume. Disconnect the 24-inch non-potable water 
pipe from the Parshall Flume by closing the 24-inch gate on the Parshall Flume.   
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Step 6
Repeat Steps 1 through 4 for the North Clarifier Effluent System. When this has been completed, the 
plant, based on the hydraulic model should pass approximately 85 MGD through the bypass piping on 
the South Clarifier Effluent System and approximately 85 MGD through the bypass piping on the North 
Clarifier Effluent System downstream of the Clarifiers.  

Step 7
Proceed with all the proposed modifications/replacements for the existing effluent structures other 
than connecting the new 84-inch pipe to Effluent Pump Station influent pipe. 

Step 8
After these modifications have been made, reinstall the temporary line stop on the 72-inch North 
Clarifier Effluent pipe and its associated 54-inch bypass piping and connect the 72-inch to the new 
Clarifier Junction Box. 

Step 9
Remove the temporary line stop on the 72-inch North Clarifier Effluent pipe and begin operating the 
proposed modifications/replacements for the existing effluent structures for the North Clarifier Effluent 
System.

Step 10
Connect the 24-inch non- potable water pipe to the new Clarifier Junction Box.  Then remove the two 
1,000 gpm bypass pumps for the non-potable water system connected to No 5-S/South Effluent 
Wetwell.

Step 11
Repeat Steps 8 through 9 for the South Clarifier Effluent System. 

Step 12
Connect the new 84-inch pipe to the Effluent PS to the existing Effluent PS influent piping.

EPA-HQ-2019-004783   001608



4-1
PW.EXT.36694.111641.03.02..Package 1 PER.Section 4 - Effluent Pump Station Improvements.docx

Section 4 
Effluent Pump Station Improvements

The Effluent Pump Station was constructed in 1984 under Contract No. 11 and contains four single 
stage, vertical mixed flow pumps that lift plant effluent from the wet well to the discharge channel 
through individual pump discharge lines. According to the record drawings, pumps 1 and 2 are rated at 
350 horsepower (hp) each, while Pumps 3 and 4 are rated at 300 hp each. However, conversation with 
plant operations staff and field verification indicated that all four pumps are rated at 350 hp each. 
Original factory test curves indicate the pumps have a normal operating head of 20 to 25 feet: at 25 feet 
the pumps have a flow of 39,000 gallons per minute (gpm) or 56.2 million gallons per day (MGD). Firm 
capacity of the EPS is 168.5 MGD.

The effluent pumps are run by a 1,000 kVA transformer, Power Center 11 (PC11). The City requires that 
the transformer be sized to run all connected equipment simultaneously, which results in a total 
connected load of 1,463 kVA. During the conceptual design phase it was recommended that PC11 be 
upgraded to 1,500 kVA to meet the City requirement: the City agreed and replacement of the 
transformer is included in the base bid for this package. 

Additional improvements identified in the Conceptual Design Report (CDR) for the Effluent Pump 
Station include replacing the primary and secondary feeders and installing a redundant alternative 
circuit with a second 1,500 kVA transformer and new Automatic Transfer Switch (ATS). The City has 
expressed interest in including these improvements in this package, but they will be considered an 
additive alternate item.

Plant operations staff report that the existing effluent pumps cannot achieve 56.2 MGD each when three 
pumps are operating. During the conceptual design phase, CDM Smith recommended that flow testing be 
conducted on the existing pumps and the results compared against the original factory test results to 
confirm if the pumps meet the original design performance requirements. The City agreed with this 
recommendation and they will test the existing pumps.

This section details the design basis for upgrading the Effluent Pump Station electrical system and 
discusses the associated construction sequencing and restraints. 

4.1 Design Basis
The replacement of transformer PC11 is the base bid, and installation of new primary and secondary 
feeders, new ductbank, new transformer PC15 and ATS are included in the add alternate. PC11 will meet 
the total connected load requirements listed in Figure 4-1 which is 1,463 kVA.

4.1.1 Engineering Disciplines
The additional improvements required to accommodate the Effluent Pump Station electrical 
improvements are summarized below. The partial site plan and one-line diagram for the improvements 
are included in the Package 1 90-percent design drawings, and relevant technical specifications are 
included in the Package 1 90-percent specifications package. 
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EFFLUENT PUMP STATION LOAD CALCULATION

CONNECTED LOAD
DESCRIPTION

QTY HP FLA KVA
EFFLUENT PUMP NO 1 1 350 46.8 337.2
EFFLUENT PUMP NO 2 1 350 46.8 337.2
EFFLUENT PUMP NO 3 1 350 46.8 337.2
EFFLUENT PUMP NO 4 1 350 46.8 337.2
XFMR FOR PANEL A 1 4.16 30.0
SUM OF CONNECTED    1378.8
25% OF LARGEST MOTOR    84.3
TOTAL DEMAND LOAD (KVA)    1463

Figure 4-1 PC11 Total Connected Load

4.1.1.1 Civil
The proposed base bid improvements do not require any civil related work, as PC11 will be installed on 
the existing transformer pad.

The additive alternate improvements will require installing new underground ductbank to 
accommodate the new primary and secondary feeders for both PC11 and PC15. Additionally, equipment 
pads for new transformer PC15 and new ATS will be installed, which will include minor excavation 
work. 

4.1.1.2 Structural
Structural work included in this portion of the project include installing new concrete pads for PC15 and 
ATS as well as new concrete ductbank for the PC11 and PC15 primary and secondary feeders.

4.1.1.3 Electrical
The electrical improvements associated with this portion of the project includes replacing the existing 
1,000KVA transformer with two new 1,500KVA transformers (PC-11E and PC-15N) and new ductbank, 
conduits and cable. 

4.1.1.4 Process Improvements
There are no process improvements associated with the electrical improvements at the Effluent Pump 
Station. Flow testing will be performed on the existing effluent pumps by the City to compare against the 
original factory tests. If it is determined that current performance does not match the design 
requirements and original factory tests, recommendations for improving pump performance will be 
provided, and the necessary process improvements will be identified at that time.
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4.2 Construction Sequencing and Restraints
The Effluent Pump Station will be taken out of service to facilitate final connection of the new 
transformer to the existing primary and secondary feeders. This effort will be closely coordinated with 
Plant operations staff and is anticipated to only require the Effluent Pump Station to be out of service for 
no more than a day. This work will be conducted during low river stage and must be approved in 
advance by the City. No bypass pumping will be required.
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Section 5
Schedule
A detailed project schedule has been developed for Package 1 work which includes the Contact Tank and 
associated piping; Disinfection Integrated Power Assembly (IPA); Effluent Hydraulics Improvements; 
Effluent PS piping and bypass piping/pumping; Electrical including site lighting, power and equipment; 
and Effluent PS redundant feeder, as described in this PER. The detailed schedule for Package 1 is shown 
in Figure 5-1, which is included at the end of this section. 

The schedule shows Issued for Construction documents submitted to TDEC in March 2017, and the GMP 
being submitted to the City near that time. Based upon the work included on this GMP, we estimate a 
minimum of 15 bid packages will be developed, including equipment and subcontractors. Estimated bid 
packages are as follows:

 Electrical Gear

 Mechanical Sluice and Slide Gates

 FRP Weirs and Baffles

 Bypass Piping & Pumping

 Demolition Subcontractor

 Yard Piping Subcontractor

 Site Subcontractor

 Erosion and Sediment Control Subcontractor

 Miscellaneous Metals Subcontractor

 Concrete Subcontractor

 Electrical Subcontractor

 I&C Subcontractor

 Mechanical Subcontractor

These packages are still in discussion with the City, in the attempt to maximize opportunities for 
Minority- and Women-Owned Businesses. Procurement for the bid packages will be done in accordance 
to the City’s procurement requirements and in compliance with the requirements of the Clean Water 
State Revolving Fund.
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Critical path for the Package 1 schedule runs through review and approval times for the activities that 
precede bid package procurement, and the bypass pumping and Disinfection Tank construction. The 
schedule shows field construction activities starting in April-June 2017, due to the procurement process, 
and ending in February 2019. This a preliminary schedule and it will be updated once Package 1 is 
awarded and over the course of the project for every progress meeting.  
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T.E. Maxson WWT.E. Maxson WWTP Process Upgrades (Pkg#1 Rvsd) 538d 16‐Dec‐16 A 12‐Feb‐19 181d

PKG 1 MISCELLANPKG 1 MISCELLANEOUS IMPROVEMENTS 538d 16‐Dec‐16 A 12‐Feb‐19 181d

DESIGNDESIGN 64d 16‐Dec‐16 A 21‐Mar‐17 0d

PKG 1 DevelopmentPKG 1 Development and Nego a on (60%) 60d 16‐Dec‐16 A 15‐Mar‐17 0d
D1.60‐3062 City Review of 60% Rvsd PKG 1 21d 16‐Dec‐16 A 18‐Jan‐17 0d
D1.60‐3065 Rvsd PKG 1 Proposal Development ‐ GC's and Contract Documents 28d 19‐Jan‐17 28‐Feb‐17 0d
D1.60‐3070 PKG 1 Nego a ons ‐ GC's and Contract Documents 11d 01‐Mar‐17 15‐Mar‐17 0d
PKG 1 Finalize DesigPKG 1 Finalize Design 43d 19‐Jan‐17 21‐Mar‐17 0d
D1.FD‐4030 Prepare & Submit 90% Design Development Rvsd PKG 1 to Client 18d 19‐Jan‐17 13‐Feb‐17 0d
D1.FD‐4050 Comments on 90% Review with City ‐ Rvsd PKG1 Drawings & Specifica on Finaliza on 13d 13‐Feb‐17 02‐Mar‐17 0d
D1.FD‐4060 Signed/Sealed Drawings & Specifica ons ‐ Final Documents 90% to 100% Rvsd PKG 1 10d 03‐Mar‐17 16‐Mar‐17 0d
D1.FD‐4065 PKG 1 Final GMP Submi al (GC's, GMP & Schedule) 4d 16‐Mar‐17 21‐Mar‐17 0d
D1.FD‐4068 City Review & Approval of GMP PKG1 4d 16‐Mar‐17 21‐Mar‐17 0d
D1.FD‐4070 PKG 1 Issued for Construc on (w/City Signature) 0d 21‐Mar‐17 0d

PERMITTINGPERMITTING 30d 22‐Mar‐17 02‐May‐17 625d

Perm1‐5000 SRF Review Permit Applica ons 30d 22‐Mar‐17 02‐May‐17 4d
Perm1‐5010 Prepare / Submit Permit Applica ons ‐ Building Permit from Shelby County 5d 22‐Mar‐17 28‐Mar‐17 55d
Perm1‐5020 Prepare / Submit Permit Applica ons ‐Construc on GeneraL Stormwater Permit from TDEC 5d 22‐Mar‐17 28‐Mar‐17 4d
Perm1‐5030 Agency Review & Approve Permit Applica ons ‐ Building Permit from Shelby County 5d 29‐Mar‐17 04‐Apr‐17 645d
Perm1‐5040 Agency Review & Approve Permit Applica ons ‐ Pkg1 Construc on GeneraL Stormwater Permit from 10d 29‐Mar‐17 11‐Apr‐17 4d

PROCUREMENTPROCUREMENT 220d 22‐Mar‐17 06‐Feb‐18 223d

PKG 1 Develop, AdvPKG 1 Develop, Adver se & Bid 80d 22‐Mar‐17 13‐Jul‐17 353d
Proc1.DAB‐5502 Develop, Adver se & Bid  Surveying Subcontractor 20d 22‐Mar‐17 18‐Apr‐17 5d
Proc1.DAB‐5505 Develop, Adver se & Bid  Tes ng Subcontractor 30d 12‐Apr‐17 23‐May‐17 19d
Proc1.DAB‐5509 Develop, Adver se & Bid  Bypass Requirements Subcontractor 30d 12‐Apr‐17 23‐May‐17 29d
Proc1.DAB‐5511 Develop, Adver se & Bid  U lity Subcontractor 20d 22‐Mar‐17 18‐Apr‐17 10d
Proc1.DAB‐5513 Develop, Adver se & Bid  Sitework Subcontract 20d 22‐Mar‐17 18‐Apr‐17 2d
Proc1.DAB‐5515 Develop, Adver se & Bid  Demoli on Subcontractor 20d 22‐Mar‐17 18‐Apr‐17 0d
Proc1.DAB‐5520 Develop, Adver se & Bid  Dewatering Subcontractor 30d 22‐Mar‐17 02‐May‐17 0d
Proc1.DAB‐5525 Develop, Adver se & Bid  Shoring Subcontractor 20d 22‐Mar‐17 18‐Apr‐17 0d
Proc1.DAB‐5530 Develop, Adver se & Bid  Yard Piping Subcontractor 30d 03‐May‐17 14‐Jun‐17 379d
Proc1.DAB‐5535 Develop, Adver se & Bid  Pipeline Tapping Subcontractor 30d 03‐May‐17 14‐Jun‐17 14d
Proc1.DAB‐5540 Develop, Adver se & Bid  Concrete Tank Subcontractor 30d 03‐May‐17 14‐Jun‐17 34d
Proc1.DAB‐5544 Develop, Adver se & Bid  Concrete Subcontractor 30d 22‐Mar‐17 02‐May‐17 64d
Proc1.DAB‐5546 Develop, Adver se & Bid  Concrete Ready Mix Material 30d 12‐Apr‐17 23‐May‐17 49d
Proc1.DAB‐5548 Develop, Adver se & Bid  Concrete Reinforcing Subcontractor 30d 03‐May‐17 14‐Jun‐17 4d
Proc1.DAB‐5550 Develop, Adver se & Bid  Masonry Subcontractor 30d 12‐Apr‐17 23‐May‐17 48d
Proc1.DAB‐5555 Develop, Adver se & Bid  Metals Subcontract 30d 22‐Mar‐17 02‐May‐17 296d
Proc1.DAB‐5560 Develop, Adver se & Bid Pain ng & Caulking Subcontract 30d 12‐Apr‐17 23‐May‐17 218d
Proc1.DAB‐5570 Develop, Adver se & Bid Plant Construc on Subcontract 30d 03‐May‐17 14‐Jun‐17 249d
Proc1.DAB‐5575 Develop, Adver se & Bid Non‐Clog Submersible Pumps 30d 12‐Apr‐17 23‐May‐17 4d
Proc1.DAB‐5580 Develop, Adver se & Bid  Mechanical Gates Slide 30d 03‐May‐17 14‐Jun‐17 255d
Proc1.DAB‐5585 Develop, Adver se & Bid  I&C Subcontract 30d 01‐Jun‐17 13‐Jul‐17 249d
Proc1.DAB‐5590 Develop, Adver se & Bid  Electrical Subcontractor 30d 03‐May‐17 14‐Jun‐17 119d
Proc1.DAB‐5592 Develop, Adver se & Bid  Electrical Gear  & Transformers (2) 30d 03‐May‐17 14‐Jun‐17 117d
Proc1.DAB‐5596 Develop, Adver se & Bid Grounding & Lightning Protec on Subcontract 30d 19‐Apr‐17 31‐May‐17 249d
Proc1.DAB‐5598 Develop, Adver se & Bid Site Ligh ng Subcontract 30d 03‐May‐17 14‐Jun‐17 334d

ec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May
2017 2018 2019

City Review of 60% Rvsd PKG 1
Rvsd PKG 1 Proposal Development ‐ GC's and Contract Documents

PKG 1 Nego a ons ‐ GC's and Contract Documents

Prepare & Submit 90% Design Development Rvsd PKG 1 to Client
Comments on 90% Review with City ‐ Rvsd PKG1 Drawings & Specifica on Finaliza on

Signed/Sealed Drawings & Specifica ons ‐ Final Documents 90% to 100% Rvsd PKG 1
PKG 1 Final GMP Submi al (GC's, GMP & Schedule)
City Review & Approval of GMP PKG1
PKG 1 Issued for Construc on (w/City Signature)

SRF Review Permit Applica ons
Prepare / Submit Permit Applica ons ‐ Building Permit from Shelby County
Prepare / Submit Permit Applica ons ‐Construc on GeneraL Stormwater Permit from TDEC
Agency Review & Approve Permit Applica ons ‐ Building Permit from Shelby County
Agency Review & Approve Permit Applica ons ‐ Pkg1 Construc on GeneraL Stormwater Permit from TDEC

Develop, Adver se & Bid  Surveying Subcontractor
Develop, Adver se & Bid  Tes ng Subcontractor
Develop, Adver se & Bid  Bypass Requirements Subcontractor

Develop, Adver se & Bid  U lity Subcontractor
Develop, Adver se & Bid  Sitework Subcontract
Develop, Adver se & Bid  Demoli on Subcontractor
Develop, Adver se & Bid  Dewatering Subcontractor

Develop, Adver se & Bid  Shoring Subcontractor
Develop, Adver se & Bid  Yard Piping Subcontractor
Develop, Adver se & Bid  Pipeline Tapping Subcontractor
Develop, Adver se & Bid  Concrete Tank Subcontractor

Develop, Adver se & Bid  Concrete Subcontractor
Develop, Adver se & Bid  Concrete Ready Mix Material

Develop, Adver se & Bid  Concrete Reinforcing Subcontractor
Develop, Adver se & Bid  Masonry Subcontractor

Develop, Adver se & Bid  Metals Subcontract
Develop, Adver se & Bid Pain ng & Caulking Subcontract

Develop, Adver se & Bid Plant Construc on Subcontract
Develop, Adver se & Bid Non‐Clog Submersible Pumps

Develop, Adver se & Bid  Mechanical Gates Slide
Develop, Adver se & Bid  I&C Subcontract

Develop, Adver se & Bid  Electrical Subcontractor
Develop, Adver se & Bid  Electrical Gear  & Transformers (2)

Develop, Adver se & Bid Grounding & Lightning Protec on Subcontract
Develop, Adver se & Bid Site Ligh ng Subcontract

the CITY of MEMPHIS
T.E.Maxson Wastewater Treatment Plant

PROCESS UPGRADES

DATE:15-Jan-17   TIME: 22:21

Run Date: 15‐Jan‐17
Date Date: 15‐Jan‐17 
Page 1 of  6

Remaining Level of Effort

Actual Work

Remaining Work

Critical Remaining Work

Milestone Package#1 Schedule Update
Remaining Activities Sort

Date Revision Checked Approved
18-Nov-16 Updated Data Date to 18Nov16, some CN activity add... NMjr YH
13-Jan-17 Updated Data Date to 13Jan17, some revised pProc &... NMjr RJG

EPA-HQ-2019-004783   001615



Ac vity ID Ac vity Name Dur Start Finish Total
Float

PKG 1 Obtain City APKG 1 Obtain City Approval & Award 70d 19‐Apr‐17 27‐Jul‐17 353d
Proc1.AA‐5602 Obtain City Approval & Award  Surveying Subcontractor 5d 19‐Apr‐17 25‐Apr‐17 5d
Proc1.AA‐5605 Obtain City Approval & Award  Tes ng Subcontractor 10d 24‐May‐17 07‐Jun‐17 19d
Proc1.AA‐5609 Obtain City Approval & Award  Bypass Requirements Subcontractor 10d 24‐May‐17 07‐Jun‐17 29d
Proc1.AA‐5611 Obtain City Approval & Award  U lity Subcontractor 10d 19‐Apr‐17 02‐May‐17 10d
Proc1.AA‐5613 Obtain City Approval & Award  Sitework  Subcontract 10d 19‐Apr‐17 02‐May‐17 2d
Proc1.AA‐5615 Obtain City Approval & Award  Demoli on Subcontractor 10d 19‐Apr‐17 02‐May‐17 0d
Proc1.AA‐5620 Obtain City Approval & Award  Dewatering Subcontractor 10d 03‐May‐17 16‐May‐17 0d
Proc1.AA‐5625 Obtain City Approval & Award  Shoring Subcontractor 10d 19‐Apr‐17 02‐May‐17 0d
Proc1.AA‐5630 Obtain City Approval & Award  Yard Piping Subcontractor 10d 15‐Jun‐17 28‐Jun‐17 379d
Proc1.AA‐5635 Obtain City Approval & Award  Pipeline Tapping Subcontractor 10d 15‐Jun‐17 28‐Jun‐17 14d
Proc1.AA‐5640 Obtain City Approval & Award  Concrete Tank Subcontractor 10d 15‐Jun‐17 28‐Jun‐17 34d
Proc1.AA‐5644 Obtain City Approval & Award  Concrete Subcontractor 10d 03‐May‐17 16‐May‐17 64d
Proc1.AA‐5646 Obtain City Approval & Award  Concrete Ready‐Mix Material 10d 24‐May‐17 07‐Jun‐17 49d
Proc1.AA‐5648 Obtain City Approval & Award  Concrete Reinforcing Subcontractor 10d 15‐Jun‐17 28‐Jun‐17 4d
Proc1.AA‐5650 Obtain City Approval & Award  Masonry Subcontractor 10d 24‐May‐17 07‐Jun‐17 48d
Proc1.AA‐5655 Obtain City Approval & Award  Misc Metals Subcontract 10d 03‐May‐17 16‐May‐17 296d
Proc1.AA‐5660 Obtain City Approval & Award  Pain ng & Caulking Subcontract 10d 24‐May‐17 07‐Jun‐17 218d
Proc1.AA‐5670 Obtain City Approval & Award  Plant Construc on Subcontract 10d 15‐Jun‐17 28‐Jun‐17 249d
Proc1.AA‐5675 Obtain City Approval & Award  Non‐Clog Submersible Pumps 10d 24‐May‐17 07‐Jun‐17 4d
Proc1.AA‐5680 Obtain City Approval & Award  Mechanical Gates Slide 10d 15‐Jun‐17 28‐Jun‐17 255d
Proc1.AA‐5685 Obtain City Approval & Award  I&C Subcontract 10d 14‐Jul‐17 27‐Jul‐17 249d
Proc1.AA‐5690 Obtain City Approval & Award  Electrical Subcontractor 10d 15‐Jun‐17 28‐Jun‐17 119d
Proc1.AA‐5692 Obtain City Approval & Award Electrical Gear & Transformers (2) 10d 15‐Jun‐17 28‐Jun‐17 117d
Proc1.AA‐5696 Obtain City Approval & Award  Grounding & Lightning Protec on Subcontract 10d 01‐Jun‐17 14‐Jun‐17 259d
Proc1.AA‐5698 Obtain City Approval & Award  Site Ligh ng 10d 15‐Jun‐17 28‐Jun‐17 334d
Submi alsSubmi als 85d 03‐May‐17 31‐Aug‐17 318d
Proc1.S‐5705 Submit/Review/Approve Soil & Concrete Tes ng 30d 08‐Jun‐17 20‐Jul‐17 19d
Proc1.S‐5709 Submit/Review/Approve Bypass Requirements 30d 08‐Jun‐17 20‐Jul‐17 29d
Proc1.S‐5711 Submit/Review/Approve Pre‐Fabricated Plant Drain PS 30d 29‐Jun‐17 10‐Aug‐17 269d
Proc1.S‐5713 Submit/Review/Approve Errosion Control 20d 03‐May‐17 31‐May‐17 2d
Proc1.S‐5715 Submit/Review/Approve Demoli on 30d 03‐May‐17 14‐Jun‐17 0d
Proc1.S‐5720 Submit/Review/Approve Dewatering Plan 20d 17‐May‐17 14‐Jun‐17 0d
Proc1.S‐5725 Submit/Review/Approve Shoring Plan 30d 03‐May‐17 14‐Jun‐17 0d
Proc1.S‐5735 Submit/Review/Approve Pipeline Tapping Plan 30d 29‐Jun‐17 10‐Aug‐17 14d
Proc1.S‐5748 Submit/Review/Approve  FRP Weirs/Baffles/Trough & Covers 30d 29‐Jun‐17 10‐Aug‐17 4d
Proc1.S‐5749 Submit/Review/Approve  Concrete Reinforcing 30d 29‐Jun‐17 10‐Aug‐17 4d
Proc1.S‐5750 Submit/Review/Approve  Masonary 30d 08‐Jun‐17 20‐Jul‐17 48d
Proc1.S‐5755 Submit/Review/Approve  Misc Metals 30d 17‐May‐17 28‐Jun‐17 296d
Proc1.S‐5760 Submit/Review/Approve  Pain ng & Caulking 30d 08‐Jun‐17 20‐Jul‐17 218d
Proc1.S‐5775 Submit/Review/Approve Pre‐Fabricated Plant Drain PS Submersible Pumps(2) 25d 08‐Jun‐17 13‐Jul‐17 4d
Proc1.S‐5780 Submit/Review/Approve  Mechanical Gates Slide 25d 29‐Jun‐17 03‐Aug‐17 251d
Proc1.S‐5785 Submit/Review/Approve I&C / SCADA 25d 28‐Jul‐17 31‐Aug‐17 245d
Proc1.S‐5790 Submit/Review/Approve Electrical Materials 30d 29‐Jun‐17 10‐Aug‐17 132d
Proc1.S‐5792 Submit/Review/Approve  Powerhouses 1&2 30d 29‐Jun‐17 10‐Aug‐17 129d
Proc1.S‐5794 Submit/Review/Approve Transformers PCS11 / PC15 &  ATS‐EPS 30d 29‐Jun‐17 10‐Aug‐17 119d
Proc1.S‐5796 Submit/Review/Approve Grounding & Lightning Protec on 30d 15‐Jun‐17 27‐Jul‐17 349d
Proc1.S‐5798 Submit/Review/Approve Site Ligh ng 30d 29‐Jun‐17 10‐Aug‐17 334d
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Obtain City Approval & Award  Surveying Subcontractor
Obtain City Approval & Award  Tes ng Subcontractor
Obtain City Approval & Award  Bypass Requirements Subcontractor

Obtain City Approval & Award  U lity Subcontractor
Obtain City Approval & Award  Sitework  Subcontract
Obtain City Approval & Award  Demoli on Subcontractor

Obtain City Approval & Award  Dewatering Subcontractor
Obtain City Approval & Award  Shoring Subcontractor

Obtain City Approval & Award  Yard Piping Subcontractor
Obtain City Approval & Award  Pipeline Tapping Subcontractor
Obtain City Approval & Award  Concrete Tank Subcontractor

Obtain City Approval & Award  Concrete Subcontractor
Obtain City Approval & Award  Concrete Ready‐Mix Material

Obtain City Approval & Award  Concrete Reinforcing Subcontractor
Obtain City Approval & Award  Masonry Subcontractor

Obtain City Approval & Award  Misc Metals Subcontract
Obtain City Approval & Award  Pain ng & Caulking Subcontract

Obtain City Approval & Award  Plant Construc on Subcontract
Obtain City Approval & Award  Non‐Clog Submersible Pumps

Obtain City Approval & Award  Mechanical Gates Slide
Obtain City Approval & Award  I&C Subcontract

Obtain City Approval & Award  Electrical Subcontractor
Obtain City Approval & Award Electrical Gear & Transformers (2)

Obtain City Approval & Award  Grounding & Lightning Protec on Subcontract
Obtain City Approval & Award  Site Ligh ng

Submit/Review/Approve Soil & Concrete Tes ng
Submit/Review/Approve Bypass Requirements

Submit/Review/Approve Pre‐Fabricated Plant Drain PS
Submit/Review/Approve Errosion Control
Submit/Review/Approve Demoli on
Submit/Review/Approve Dewatering Plan
Submit/Review/Approve Shoring Plan

Submit/Review/Approve Pipeline Tapping Plan
Submit/Review/Approve  FRP Weirs/Baffles/Trough & Covers
Submit/Review/Approve  Concrete Reinforcing

Submit/Review/Approve  Masonary
Submit/Review/Approve  Misc Metals

Submit/Review/Approve  Pain ng & Caulking
Submit/Review/Approve Pre‐Fabricated Plant Drain PS Submersible Pumps(2)

Submit/Review/Approve  Mechanical Gates Slide
Submit/Review/Approve I&C / SCADA

Submit/Review/Approve Electrical Materials
Submit/Review/Approve  Powerhouses 1&2
Submit/Review/Approve Transformers PCS11 / PC15 &  ATS‐EPS

Submit/Review/Approve Grounding & Lightning Protec on
Submit/Review/Approve Site Ligh ng
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Fabrica on & DeliveFabrica on & Delivery 150d 29‐Jun‐17 06‐Feb‐18 205d
Proc1.FD‐5810 Fab/Deliver  Misc Metals 60d 29‐Jun‐17 22‐Sep‐17 296d
Proc1.FD‐5820 Fab/Deliver  FRP Weirs/Baffles/Trough & Covers 80d 11‐Aug‐17 29‐Oct‐17 248d
Proc1.FD‐5830 Fab/Deliver Electrical Materials 40d 11‐Aug‐17 06‐Oct‐17 132d
Proc1.FD‐5840 Fab/Deliver  Mechanical Gates Slide 100d 04‐Aug‐17 11‐Nov‐17 368d
Proc1.FD‐5850 Fab/Deliver Transformer PC15 & PC11 100d 11‐Aug‐17 08‐Jan‐18 116d
Proc1.FD‐5860 Fab/Deliver ATS‐EPS 80d 11‐Aug‐17 07‐Dec‐17 139d
Proc1.FD‐5870 Fab/Deliver Powerhouses 1&2 120d 11‐Aug‐17 06‐Feb‐18 129d
Proc1.FD‐5880 Fab/Deliver Pre‐Fabricated Plant Drain Pump Sta on 40d 11‐Aug‐17 06‐Oct‐17 269d
Proc1.FD‐5890 Fab/Deliver Plant Drain Submersible Pumps (2) 60d 14‐Jul‐17 06‐Oct‐17 285d

CONSTRUCTIONCONSTRUCTION 449d 26‐Apr‐17 12‐Feb‐19 0d

Mobiliza onMobiliza on 40d 26‐Apr‐17 21‐Jun‐17 5d
CN1.Mblz‐6000 Mobiliza on 30d 26‐Apr‐17 07‐Jun‐17 5d
CN1.Mblz‐6002 Site Survey and Establish Benchmarks 10d 26‐Apr‐17 09‐May‐17 5d
CN1.Mblz‐6005 Install Electrical Temporary Power 30d 03‐May‐17 14‐Jun‐17 10d
CN1.Mblz‐6010 Install Temporary Facili es 30d 10‐May‐17 21‐Jun‐17 5d
CN1.Mblz‐6020 Install Site Erosion Control Measures 8d 01‐Jun‐17 12‐Jun‐17 2d
Site WorkSite Work 10d 13‐Jun‐17 26‐Jun‐17 2d
CN1.SW‐6030 Clear and Grub Site 10d 13‐Jun‐17 26‐Jun‐17 2d
DISINFECTIONDISINFECTION 414d 15‐Jun‐17 12‐Feb‐19 0d
PAA Contact Basin CoPAA Contact Basin Construc on and PAA Feed Building w/ Electrical and I&C 414d 15‐Jun‐17 12‐Feb‐19 0d
80 PAA Contact Tank80 PAA Contact Tank 414d 15‐Jun‐17 12‐Feb‐19 0d
StructureStructure 318d 15‐Jun‐17 20‐Sep‐18 76d
CN1.80.S‐6000 Install Dewatering 10d 15‐Jun‐17 28‐Jun‐17 0d
CN1.80.S‐6010 Demo Exis ng Structure 5d 15‐Jun‐17 21‐Jun‐17 0d
CN1.80.S‐6020 Shee ng ‐ North 10d 15‐Jun‐17 28‐Jun‐17 0d
CN1.80.S‐6022 Shee ng ‐ West 10d 29‐Jun‐17 13‐Jul‐17 24d
CN1.80.S‐6030 Excavate for Founda ons 15d 28‐Jun‐17 19‐Jul‐17 0d
CN1.80.S‐6040 Install PAA Underdrain System 20d 20‐Jul‐17 16‐Aug‐17 0d
CN1.80.S‐6050 Form/Pour/Cure Founda on & PAA Tank Drains 130d 16‐Aug‐17 14‐Feb‐18 0d
CN1.80.S‐6060 Form/Pour/Cure PAA Tank Walls 190d 28‐Sep‐17 21‐Jun‐18 0d
CN1.80.S‐6070 Backfill /Compact Founda on 15d 14‐Feb‐18 07‐Mar‐18 76d
CN1.80.S‐6080 Backfill /Compact Tank Walls 20d 05‐Jul‐18 02‐Aug‐18 81d
CN1.80.S‐6090 Set Valve Vaults 5d 14‐Jun‐18 21‐Jun‐18 89d
CN1.80.S‐6100 Form/Pour/Cure Elevated Slab Walkway 24d 28‐Jun‐18 02‐Aug‐18 77d
CN1.80.S‐6110 Hydraulic/Standing Water Test Structure 30d 24‐May‐18 05‐Jul‐18 0d
CN1.80.S‐6120 Yard Piping 10d 21‐Jun‐18 06‐Jul‐18 129d
CN1.80.S‐6130 Misc. Metals ‐ Hatches / Handrails / Gra ng 35d 02‐Aug‐18 20‐Sep‐18 81d
MechanicalMechanical 73d 21‐Jun‐18 04‐Oct‐18 46d
CN1.80.M‐6200 Install Slide Gates in PAA 8d 21‐Jun‐18 04‐Jul‐18 112d
CN1.80.M‐6205 Install Slide Gates in Effluent PS and Junc on Boxes 15d 21‐Jun‐18 12‐Jul‐18 105d
CN1.80.M‐6210 Install Slide Gate Hydro Test 5d 12‐Jul‐18 19‐Jul‐18 100d
CN1.80.M‐6220 Install Mechanical Equipment / Peroxy Chem Piping (by Others) 60d 05‐Jul‐18 27‐Sep‐18 0d
CN1.80.M‐6240 Install Mixers in PAA Contact Tank 5d 27‐Sep‐18 04‐Oct‐18 0d
ElectricalElectrical 140d 19‐Jul‐18 12‐Feb‐19 0d
CN1.80.E‐6310 Grounding 5d 19‐Jul‐18 26‐Jul‐18 100d
CN1.80.E‐6320 PAA Tank Walkway Rough‐In Electrical 15d 02‐Aug‐18 23‐Aug‐18 80d
CN1.80.E‐6330 Rough‐in Electrical @ Walls ‐ PAA, Mixers & Gates 30d 04‐Oct‐18 15‐Nov‐18 0d

ec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May
2017 2018 2019

Fab/Deliver  Misc Metals
Fab/Deliver  FRP Weirs/Baffles/Trough & Covers

Fab/Deliver Electrical Materials
Fab/Deliver  Mechanical Gates Slide

Fab/Deliver Transformer PC15 & PC11
Fab/Deliver ATS‐EPS

Fab/Deliver Powerhouses 1&2
Fab/Deliver Pre‐Fabricated Plant Drain Pump Sta on
Fab/Deliver Plant Drain Submersible Pumps (2)

Mobiliza on
Site Survey and Establish Benchmarks

Install Electrical Temporary Power
Install Temporary Facili es

Install Site Erosion Control Measures

Clear and Grub Site

Install Dewatering
Demo Exis ng Structure
Shee ng ‐ North

Shee ng ‐ West
Excavate for Founda ons

Install PAA Underdrain System
Form/Pour/Cure Founda on & PAA Tank Drains

Form/Pour/Cure PAA Tank Walls
Backfill /Compact Founda on

Backfill /Compact Tank Walls
Set Valve Vaults

Form/Pour/Cure Elevated Slab Walkway
Hydraulic/Standing Water Test Structure
Yard Piping

Misc. Metals ‐ Hatches / Handrails / Gra ng

Install Slide Gates in PAA
Install Slide Gates in Effluent PS and Junc on Boxes
Install Slide Gate Hydro Test

Install Mechanical Equipment / Peroxy Che
Install Mixers in PAA Contact Tank

Grounding
PAA Tank Walkway Rough‐In Electrical

Rough‐in Electrical @ Walls ‐ PAA,
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CN1.80.E‐6340 Install Ligh ng Poles 10d 15‐Nov‐18 03‐Dec‐18 13d
CN1.80.E‐6350 Light Pole Installa on 15d 23‐Aug‐18 14‐Sep‐18 80d
CN1.80.E‐6360 Install Power / Control Conduits 20d 27‐Sep‐18 25‐Oct‐18 15d
CN1.80.E‐6370 Set Junc on Boxes & Finish Conduit 15d 15‐Nov‐18 06‐Dec‐18 0d
CN1.80.E‐6380 Pull & Terminate Feeder & Branch Control Wires 10d 06‐Dec‐18 20‐Dec‐18 0d
CN1.80.E‐6390 Electrical Connec ons & Termina ons 10d 20‐Dec‐18 07‐Jan‐19 0d
CN1.80.E‐6395 Complete Punchlist Items 20d 14‐Jan‐19 12‐Feb‐19 0d
Instrumenta onInstrumenta on 15d 20‐Dec‐18 14‐Jan‐19 0d
CN1.80.I‐6400 Install I & C Devices 10d 20‐Dec‐18 07‐Jan‐19 0d
CN1.80.I‐6410 Loop Test & Terminate I&C Devices 5d 07‐Jan‐19 14‐Jan‐19 0d

Plant Drain Pump StPlant Drain Pump Sta on 287d 20‐Jul‐17 11‐Sep‐18 102d
CN1.PDPS‐7000 Install Excava on Protec on and Excavate (from El 28 to 38) 5d 20‐Jul‐17 26‐Jul‐17 320d
CN1.PDPS‐7010 Place Pre‐fab PS Bo om Slab 3d 10‐Oct‐17 12‐Oct‐17 269d
CN1.PDPS‐7020 Install Pre‐Fab Wet Well Walls 10d 13‐Oct‐17 26‐Oct‐17 269d
CN1.PDPS‐7030 Standing Water Test Structure 3d 27‐Oct‐17 31‐Oct‐17 269d
CN1.PDPS‐7040 Install Submersible Pumps (2) 5d 01‐Nov‐17 07‐Nov‐17 269d
CN1.PDPS‐7050 Install Supports and Discharge Piping 5d 08‐Nov‐17 15‐Nov‐17 271d
CN1.PDPS‐7060 Backfill & Compact Wet Well Structure 10d 08‐Nov‐17 22‐Nov‐17 282d
CN1.PDPS‐7070 Pour Slab on Grade (SOG) 5d 08‐Nov‐17 15‐Nov‐17 269d
CN1.PDPS‐7080 Rough‐in Electrical 18d 16‐Nov‐17 13‐Dec‐17 269d
CN1.PDPS‐7090 Start‐up & Test Plant Site LI  Sta on 1d 11‐Sep‐18 11‐Sep‐18 102d
CN1.PDPS‐7100 Complete Punchlist Items 20d 14‐Dec‐17 12‐Jan‐18 269d
SCADA and ProgrammSCADA and Programming for the full system 40d 04‐Dec‐17 31‐Jan‐18 164d
CN1.Scada‐7100 Scada and Programming 20d 04‐Dec‐17 02‐Jan‐18 164d
CN1.Scada‐7110 Field Installa on 20d 03‐Jan‐18 31‐Jan‐18 164d

IPA ELECTRICAL BUILIPA ELECTRICAL BUILDING AND SERVICE IMPROVEMENTS 296d 10‐Aug‐17 16‐Oct‐18 78d
IPA Electrical BuildingIPA Electrical Building 214d 16‐Nov‐17 24‐Sep‐18 93d
CN1.IPA.E‐8200 Install Building Grounding 5d 16‐Nov‐17 22‐Nov‐17 153d
CN1.IPA.E‐8210 Prep Building Pad 5d 27‐Nov‐17 01‐Dec‐17 153d
CN1.IPA.E‐8220 Install U/G  Counduits for Building 15d 04‐Dec‐17 22‐Dec‐17 153d
CN1.IPA.E‐8230 Building Founda on & SOG 5d 26‐Dec‐17 02‐Jan‐18 153d
CN1.IPA.E‐8240 Set Powerhouse on Slab 5d 07‐Feb‐18 13‐Feb‐18 129d
CN1.IPA.E‐8250 Elec & Mech Rough in 5d 14‐Feb‐18 21‐Feb‐18 129d
CN1.IPA.E‐8260 Pull & terminate Feeder & Branch Wires 10d 22‐Feb‐18 07‐Mar‐18 129d
CN1.IPA.E‐8270 Test New Equipment 15d 08‐Mar‐18 28‐Mar‐18 129d
CN1.IPA.E‐8280 Energize & Electrical Connec ons & termina ons 5d 18‐Sep‐18 24‐Sep‐18 14d
CN1.IPA.E‐8290 Complete Punchlist Items 20d 29‐Mar‐18 25‐Apr‐18 198d
Main Plant Feed SystMain Plant Feed System 296d 10‐Aug‐17 16‐Oct‐18 78d
CN1.IPA.FS‐8300 Power Co. Relocate Primary Power Ploes for Project to Connect 20d 10‐Aug‐17 08‐Sep‐17 132d
CN1.IPA.FS‐8305 Install Ductbanks from Metering Pad to IPA Bldg 26d 10‐Oct‐17 15‐Nov‐17 132d
CN1.IPA.FS‐8310 Pull Wire from Metering Pad to IPA Electrical Building 8d 14‐Feb‐18 26‐Feb‐18 131d
CN1.IPA.FS‐8320 Install Ductwork from IPA Electrical Building to exisi ng MV Transformers 10d 25‐Apr‐18 08‐May‐18 80d
CN1.IPA.FS‐8330 Install Ductbank from Exis ng SW‐1&2 to SW‐9&10 10d 09‐May‐18 22‐May‐18 85d
CN1.IPA.FS‐8340 Install Ductbank from IPA to Exis ng Switches 15d 09‐May‐18 30‐May‐18 80d
CN1.IPA.FS‐8350 Pull WIre frm IPA Electrical Building to MV Transformers 5d 23‐May‐18 30‐May‐18 85d
CN1.IPA.FS‐8360 Pull Wire from SW‐1&2 TO sw‐9&10 5d 23‐May‐18 30‐May‐18 85d
CN1.IPA.FS‐8370 Pull WIre from IPA Electrical Building to Exisitng Switches 5d 31‐May‐18 06‐Jun‐18 80d
CN1.IPA.FS‐8380 Test and Terminate Wires 5d 11‐Sep‐18 17‐Sep‐18 14d
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2017 2018 2019

Install Ligh ng Poles
Light Pole Installa on

Install Power / Control Conduits
Set Junc on Boxes & Finish Co

Pull & Terminate Feeder & B
Electrical Connec ons &

Complete Punchli

Install I & C Devices
Loop Test & Terminate 

Install Excava on Protec on and Excavate (from El 28 to 38)
Place Pre‐fab PS Bo om Slab

Install Pre‐Fab Wet Well Walls
Standing Water Test Structure
Install Submersible Pumps (2)
Install Supports and Discharge Piping
Backfill & Compact Wet Well Structure

Pour Slab on Grade (SOG)
Rough‐in Electrical

Start‐up & Test Plant Site LI  Sta on
Complete Punchlist Items

Scada and Programming
Field Installa on

Install Building Grounding
Prep Building Pad

Install U/G  Counduits for Building
Building Founda on & SOG

Set Powerhouse on Slab
Elec & Mech Rough in

Pull & terminate Feeder & Branch Wires
Test New Equipment

Energize & Electrical Connec ons & termina
Complete Punchlist Items

Power Co. Relocate Primary Power Ploes for Project to Connect
Install Ductbanks from Metering Pad to IPA Bldg

Pull Wire from Metering Pad to IPA Electrical Building
Install Ductwork from IPA Electrical Building to exisi ng MV Transform
Install Ductbank from Exis ng SW‐1&2 to SW‐9&10
Install Ductbank from IPA to Exis ng Switches
Pull WIre frm IPA Electrical Building to MV Transformers
Pull Wire from SW‐1&2 TO sw‐9&10
Pull WIre from IPA Electrical Building to Exisitng Switches

Test and Terminate Wires
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CN1.IPA.FS‐8390 Complete Punchlist Items 20d 18‐Sep‐18 16‐Oct‐18 78d
PAA IPA ELECTRICALPAA IPA ELECTRICAL BUILDING 269d 16‐Nov‐17 14‐Dec‐18 38d
PAA Electrical BuildinPAA Electrical Building 239d 03‐Jan‐18 14‐Dec‐18 38d
CN1.PPA.E‐8400 Install Building Grounding 5d 03‐Jan‐18 09‐Jan‐18 192d
CN1.PPA.E‐8410 Prep Building Pad 5d 10‐Jan‐18 17‐Jan‐18 192d
CN1.PPA.E‐8420 Install U/G  Counduits for Building 15d 18‐Jan‐18 07‐Feb‐18 192d
CN1.PPA.E‐8430 Building Founda on & SOG 5d 08‐Feb‐18 14‐Feb‐18 192d
CN1.PPA.E‐8440 Set Powerhouse on Slab 5d 25‐Sep‐18 01‐Oct‐18 38d
CN1.PPA.E‐8450 Elec & Mech Rough in 5d 02‐Oct‐18 09‐Oct‐18 38d
CN1.PPA.E‐8460 Pull & terminate Feeder & Branch Wires 10d 10‐Oct‐18 23‐Oct‐18 38d
CN1.PPA.E‐8470 Test New Equipment 15d 24‐Oct‐18 14‐Nov‐18 38d
CN1.PPA.E‐8480 Energize & Electrical Connec ons & termina ons 5d 15‐Nov‐18 21‐Nov‐18 43d
CN1.PPA.E‐8490 Complete Punchlist Items 20d 15‐Nov‐18 14‐Dec‐18 38d
Main Plant Feed SystMain Plant Feed System 264d 16‐Nov‐17 07‐Dec‐18 43d
CN1.PPA.FS‐8500 Install Ductbanks from SW12&13 to Transformers 10d 16‐Nov‐17 01‐Dec‐17 139d
CN1.PPA.FS‐8510 Pour Concrete pads SW12&13 & Tranformer 5d 02‐Oct‐18 09‐Oct‐18 43d
CN1.PPA.FS‐8520 Receive & Install SW & Transformer 5d 02‐Oct‐18 09‐Oct‐18 43d
CN1.PPA.FS‐8530 Install Ductbank from Exis ng Transformer to IPA Bldg 10d 10‐Oct‐18 23‐Oct‐18 43d
CN1.PPA.FS‐8540 Pull WIre frm IPA Electrical Building to Transformers 5d 24‐Oct‐18 30‐Oct‐18 43d
CN1.PPA.FS‐8550 Pull Wire from SW12&13 to Transformers 5d 24‐Oct‐18 30‐Oct‐18 43d
CN1.PPA.FS‐8560 Test and Terminate Wires 5d 31‐Oct‐18 06‐Nov‐18 43d
CN1.PPA.FS‐8570 Complete Punchlist Items 20d 07‐Nov‐18 07‐Dec‐18 43d

Effluent Pump Sta oEffluent Pump Sta on Electrical Improvements & Redundant Feeder 290d 11‐Aug‐17 09‐Oct‐18 83d
CN1.EPS.E‐9000 Disconnect Power to Exis ng Transformer PS‐1&2 1d 04‐Dec‐17 04‐Dec‐17 139d
CN1.EPS.E‐9010 Install Ductbank from PS3‐4 to Effluent PS 20d 04‐Dec‐17 02‐Jan‐18 139d
CN1.EPS.E‐9020 Pour Pads for Transformer PC15 & ATS‐EPS 5d 02‐Jan‐18 09‐Jan‐18 140d
CN1.EPS.E‐9030 Remove Exis ng Transformer 1d 09‐Jan‐18 09‐Jan‐18 116d
CN1.EPS.E‐9040 Deliver Transformers PC11 & PC15 0d 09‐Jan‐18 116d
CN1.EPS.E‐9050 Run in‐Wall Conduit New Transformer to ATS & to exis ng MCC 5d 09‐Jan‐18 16‐Jan‐18 116d
CN1.EPS.E‐9060 Install Achor Bolts & Set New Transformers PC11 & PC15 2d 10‐Jan‐18 11‐Jan‐18 116d
CN1.EPS.E‐9070 Install ATS 2d 12‐Jan‐18 16‐Jan‐18 116d
CN1.EPS.E‐9080 Pull Wire & Terminate New Transformer to ATS & to exis ng MCC 2d 17‐Jan‐18 18‐Jan‐18 116d
CN1.EPS.E‐9090 Pull & Term EPS Wiring 5d 19‐Jan‐18 25‐Jan‐18 158d
CN1.EPS.E‐9100 Meger and Test Transformers 3d 26‐Jan‐18 30‐Jan‐18 158d
CN1.EPS.E‐9110 Reconnect Power 5d 31‐Jan‐18 06‐Feb‐18 158d
CN1.EPS.E‐9120 Energize Transformers PC11 & PC15 2d 07‐Feb‐18 08‐Feb‐18 158d
CN1.EPS.E‐9130 Performance Test ‐ Effluent Pump Sta on Electrical Improvements 4d 05‐Sep‐18 10‐Sep‐18 14d
CN1.EPS.E‐9140 Substan al Comple on ‐ Effluent Pump Sta on Electrical Improvements 0d 10‐Sep‐18 83d
CN1.EPS.E‐9150 Complete Punchlist Items 20d 11‐Sep‐18 09‐Oct‐18 83d
Effluent Piping and JBEffluent Piping and JBs Constructed, Bypass Pumping, and Site Piping 266d 11‐Aug‐17 04‐Sep‐18 14d
05 YARD PIPING05 YARD PIPING 266d 11‐Aug‐17 04‐Sep‐18 14d
By‐Pass PumpingBy‐Pass Pumping 180d 11‐Aug‐17 02‐May‐18 19d
CN1.YP‐9200 Demolish Exis ng Pipe & Boxes 5d 08‐Dec‐17 14‐Dec‐17 14d
CN1.YP‐9210 By‐Pass Piping for Effluent Setup ‐ North 80d 11‐Aug‐17 07‐Dec‐17 14d
CN1.YP‐9212 By‐Pass Piping for Effluent Set‐up ‐ South 100d 08‐Dec‐17 02‐May‐18 19d
Culverts & ManufaCulverts & Manufactured Construc on 160d 15‐Dec‐17 03‐Aug‐18 14d
CN1.YP‐9220 Clarifier Effluent Junc on Box Install (includes Hydrosta c Tes ng) 40d 15‐Dec‐17 13‐Feb‐18 14d
CN1.YP‐9222 Box Culvert Install 40d 14‐Feb‐18 11‐Apr‐18 14d

ec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May
2017 2018 2019

Complete Punchlist Items

Install Building Grounding
Prep Building Pad

Install U/G  Counduits for Building
Building Founda on & SOG

Set Powerhouse on Slab
Elec & Mech Rough in

Pull & terminate Feeder & Branch Wir
Test New Equipment
Energize & Electrical Connec ons

Complete Punchlist Items

Install Ductbanks from SW12&13 to Transformers
Pour Concrete pads SW12&13 & Tranfor
Receive & Install SW & Transformer

Install Ductbank from Exis ng Transfo
Pull WIre frm IPA Electrical Building t
Pull Wire from SW12&13 to Transfor
Test and Terminate Wires

Complete Punchlist Items

Disconnect Power to Exis ng Transformer PS‐1&2
Install Ductbank from PS3‐4 to Effluent PS
Pour Pads for Transformer PC15 & ATS‐EPS
Remove Exis ng Transformer
Deliver Transformers PC11 & PC15
Run in‐Wall Conduit New Transformer to ATS & to exis ng MCC
Install Achor Bolts & Set New Transformers PC11 & PC15
Install ATS
Pull Wire & Terminate New Transformer to ATS & to exis ng MCC
Pull & Term EPS Wiring
Meger and Test Transformers
Reconnect Power
Energize Transformers PC11 & PC15

Performance Test ‐ Effluent Pump Sta on Elec
Substan al Comple on ‐ Effluent Pump Sta o

Complete Punchlist Items

Demolish Exis ng Pipe & Boxes
By‐Pass Piping for Effluent Setup ‐ North

By‐Pass Piping for Effluent Set‐up ‐ South

Clarifier Effluent Junc on Box Install (includes Hydrosta c Tes ng)
Box Culvert Install

the CITY of MEMPHIS
T.E.Maxson Wastewater Treatment Plant
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CN1.YP‐9240 Clarifier 5N&S Effluent Junc on Box Install (includes Hydrosta c Tes ng) 20d 12‐Apr‐18 09‐May‐18 14d
CN1.YP‐9242 Disinfec on Tank Influent Junc on Box Install 20d 10‐May‐18 07‐Jun‐18 14d
CN1.YP‐9250 Disinfec on Tank Effluent Junc on Box Install 40d 08‐Jun‐18 03‐Aug‐18 14d
Prestressed ConcrePrestressed Concrete Cylinder Pipe 21d 06‐Aug‐18 04‐Sep‐18 14d
CN1.YP‐9260 Install 84" Pipe from  Effluent JB to Effluent PS 21d 06‐Aug‐18 04‐Sep‐18 14d

CLOSEOUTCLOSEOUT 119d 20‐Aug‐18 12‐Feb‐19 0d

Tes ngTes ng 96d 04‐Sep‐18 22‐Jan‐19 15d
C01‐T‐9820 Conduct Operator Training IPA ElectricBuilding 5d 25‐Sep‐18 01‐Oct‐18 80d
C01‐T‐9830 Conduct Operator Training PPA ElectricBuilding 5d 26‐Nov‐18 30‐Nov‐18 43d
CO1‐T‐9810 Conduct Operator Training Disinfec on 5d 14‐Jan‐19 22‐Jan‐19 15d
CO1.T‐9800 Conduct Operator Training Effluent Pump Sta on 5d 04‐Sep‐18 10‐Sep‐18 14d
CloseoutCloseout 119d 20‐Aug‐18 12‐Feb‐19 0d
CO1‐9900 O&M Manauls 10d 20‐Aug‐18 04‐Sep‐18 108d
CO1‐9910 As/Builts 15d 14‐Jan‐19 05‐Feb‐19 5d
CO1‐9920 PKG 1 Final Comple on 0d 12‐Feb‐19* 0d

ec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May
2017 2018 2019

Clarifier 5N&S Effluent Junc on Box Install (includes Hydrosta c Tes
Disinfec on Tank Influent Junc on Box Install

Disinfec on Tank Effluent Junc on Box Install

Install 84" Pipe from  Effluent JB to Effluent PS

Conduct Operator Training IPA ElectricBuil
Conduct Operator Training PPA

Conduct Operator Tra
Conduct Operator Training Effluent Pump Sta

O&M Manauls
As/Builts
PKG 1 Final Comp

the CITY of MEMPHIS
T.E.Maxson Wastewater Treatment Plant
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Section 6
Opinion of Probable Construction Cost (OPCC)
This section presents the opinion of probable construction cost (OPCC) for Package 1 at the preliminary 
engineering report (PER) stage of the design process. As presented in earlier sections of this PER, the 
scope for Package 1 include the following items:

1. Sitework including excavation of the PAA Contact Tank and the four Effluent Junction Boxes;

2. Yard Piping - PAA Contact Tank Piping, Effluent PS Piping, and Effluent Bypass Piping 
(including bypass pumping of the entire facility flow);

3. PAA Contact Tank;

4. Drain Pump Station;

5. Effluent Water Pump Station

6. Effluent Hydraulics Improvements (Four Junction Boxes, three with Slide Gates);

7. SCADA Programming for the effluent flow measurement;

8. Electrical - Site Lighting, Feeder, Power, Starters, Equipment, Testing;

9. Total Overall Base Bid Project CM GC's (not including design or CM GC Pre-Construction 
Services).

The OPCC for Package 1 is based on the 60-Percent Design Package submitted to the City of Memphis 
(City) in December 2016. In addition, the OPCC includes refinement of the package as the design has 
progressed to the 60-percent level as shown in Table 6-1. 

Table 6-1 Package 1 Opinion of Probable Construction Cost

Package 1 Scope Item Construction w/ Add. 
Services (10%)1

Effluent Pump Station Improvements (270 & 275) $2,300,000

Disinfection System and Yard Piping (60, 82 & 90) $21,700,000

Outfall Channel Repairs – CoM to self-perform $0

Effluent Hydraulic Improvements and Site Work (50 & 110) $9,200,000

Main Electrical Service (220, 900, 905 & 910) $5,700,000

Additional Design Services and Construction Services $1,500,000

TOTAL $41,600,000
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Section 1

Introduction

The City of Memphis (City) retained CDM Smith Inc. to design and construct disinfection, biological 

treatment and hydraulic capacity improvements at the City’s T.E. Maxson Wastewater Treatment 

Facility (WWTF) via a construction management at risk (CMAR) project delivery method. These 

improvements include:

 Replacement of the Existing Headworks Manual Coarse Screens; 

 Upgrades to the Effluent Pump Station Electrical Improvements;

 Biotower Upgrades and RAS Re-aeration Basin;

 Conversion from coarse bubble to fine bubble diffusers in the Aeration Basins;

 Addition of peracetic acid (PAA) disinfection system including Disinfection Tank;

 Demolition of the existing Clarifier 5-N and 5-S and construction of two new Clarifiers;

 Miscellaneous hydraulic improvements; and, 

 Improvements to the odor control system.

These improvements will be divided into multiple design packages throughout the project duration. This 

Preliminary Engineering Report (PER) describes the replacement of the existing manual coarse screens 

located in the Headworks Building with mechanical screens. This report includes: 

Headworks Improvements:

 Basis of Design and Equipment Data Sheets

 Control Narrative for the Coarse Screen Replacement

 Construction Sequencing and Constraints for the Headworks Improvements

 Project Schedule

 Opinion of Probable Construction Cost
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Section 2

Coarse Screen Replacement

The existing headworks building was constructed in the mid-1970’s and currently utilizes two influent 

channels with two manually-cleaned coarse screens, in series, in each channel. The existing coarse 

screens utilize embedded guiderails and an overhead wire rope winch that allows them to be removed 

from the channel for manual cleaning. Screenings are placed on one of two belt conveyors and conveyed 

to the screenings dumpsters located outside of the building. The City staff estimates the screens to have 

a spacing between 1-1/2 and 2-inches.

Although the coarse screens were replaced and the channels repaired around 1999, further concrete 

degradation has occurred in the channels, the manual operation of the screens presents a safety concern 

for the operators and the City has reported that the screens are not capturing many screenings. The 

Conceptual Design Report (CDR) recommended that the existing screenings equipment be replaced with 

new climber screens and dedicated washing presses installed for each channel. 

This section further details the design basis for the new screening equipment, includes a control 

narrative for the screening process, and discusses construction sequencing and constraints. In addition, 

equipment data sheets (EDS) are included in Appendix A. Drawings and specifications at a 90-percent 

design level were provided to the City for review in October 2016.

2.1 Design Basis
The basis of design for the new mechanical screens is listed in Table 2-1.

Table 2-1 Mechanical Screen Basis of Design

Parameter Units Value Notes

Number of Channels Each 2

Number of Screens per Channel Each 1

Peak Hour Flow (Total/Per Channel) MGD 170/85

Design Average Flow (Total/Per Channel) MGD 90/45

Minimum Flow (Total/Per Channel) MGD 50/25

Channel Width Feet 6.5

Channel Height Feet 10 To underside of slab

Channel Invert Elevation 181.25 Based upon As-Built Drawings

Operating Floor Elevation 229.0 Based upon As-Build Drawings

Minimum Rake Engagement Frequency Minutes 5

Angle of Inclination (from horizontal) Degrees 85

Bar Spacing Inches 1.0

Bar Thickness Inches 3/8

CY/day 17 Wet Weather
Anticipated Screenings Quantity

CY/day 8 Dry Weather
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The hydraulic evaluation to determine the screen spacing was performed in the CDR. These results are 

presented and summarized here. 

2.1.1 Hydraulic Summary

During high flow conditions the existing coarse screen system floods as a result of blinding across the 

manually-cleaned screens and high wet well water surface elevations. While new mechanically-cleaned 

coarse screens will reduce blinding and improve operator safety, they will not eliminate flooding in the 

coarse screen area of the headworks. As a result, the bar spacing was selected to achieve the minimum 

bar spacing without making the current hydraulic conditions worse. 

Headloss through a screen is a function of the available flow area (calculated by determining the screen 

blinding rate, bar spacing, and downstream water surface) and the flow through the screen. The blinding 

rate is a function of the frequency with which the screen is cleaned, e.g. climber screens typically have a 

blinding rate of 40 to 60-percent. The bar spacing is variable depending upon the desired screening 

capture and the available headloss, while the flow rate is set at a given facility based on the design plant 

flows. The primary variables that can be manipulated are the bar spacing and the downstream water 

surface elevation. The City of Memphis provided hourly instantaneous influent pump station discharge 

flows and water levels upstream and downstream of the existing coarse screens from May 2015 through 

November 2015. That data is summarized in Table 2-2. 

Table 2-2 Hourly Influent Pump Station Flow and Water Depth Data

Percentiles1

Parameter Average
50th 90th 95th

Influent Pump Station Discharge Flow, MGD 66.8 62.1 84.7 102.9

Water Depth Upstream of Screens, inches 106.3 105.9 133.7 143.1

Water Depth Downstream of Screens, inches 75.2 75.7 105.4 115.6

Note: 1. Based on hourly data from May 2015 through November 2015

The downstream water surface is the same as the influent pump station wet well. Therefore, the plant 

staff are able to control the downstream water surface through the operation of the Influent Pump 

Station. Based on discussions with Maxson WWTF staff, the downstream water surface elevation data 

used to calculate screen headloss was the 50th percentile and checked against the 90th percentile to 

confirm that the upstream water depth would not exceed 120 inches at peak flow. Bar spacing of 1-inch, 

1-1/4-inch and 1-1/2-inch were evaluated for these calculations. Other assumptions used for the 

headloss calculations included:

 Blinding rate of 50-percent for climber screens 

 Screen frame protrudes 6-inches from each channel wall

 Bar thickness is 3/8-inch

 Maximum upstream water depth is 120 inches

 50th percentile downstream water depth is 76 inches

 90th percentile downstream water depth is 105 inches
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 Peak Hour Flow is 170 MGD

 Design Average Flow is 90 MGD

 Two channels are in service

The results of the headloss calculations are summarized in Table 2-3.

Table 2-3 Climber Screen Headloss Calculation Results

Downstream Depth =

 50th Percentile

Downstream Depth = 

90th PercentileParameter

Peak Flow Average Flow Peak Flow Average Flow

Total Flow, MGD 170 90 170 90

Number of Operational 

Screens
2 2 2 2

Flow per Screen, MGD 85 45 85 45

Bar Spacing, inches 1 1 1 1

Channel Velocity, feet 

per second
3.20 1.69 2.31 1.22

Velocity through Bars, 

feet per second
10.39 5.50 7.52 3.98

Width of Channel not 

blocked by bars or 

screen frame1, feet

4.00 4.00 4.00 4.00

Assumed Downstream 

Water Level, inches
76 76 105 105

Channel Freeboard, feet 1.50 3.06 0.11 0.93

Headloss, feet 2.17 0.61 1.14 0.32

Upstream Water Level, 

inches
102 83 119 109

Blinding Factor 50% 50% 50% 50%

Notes: 1. Assumes frame takes up 1 foot of channel width

These results indicate that the climber screen can maintain an upstream water depth less than 120 

inches at peak flow and with the 90th percentile downstream water depth at a 1-inch bar spacing. For 

this screen, the manufacturer indicated peak screen capture at velocities between 1.5 and 4 feet per 

second, where 1.5 feet per second corresponds to the minimum velocity to prevent deposition of heavy 

debris immediately in front of the screen and 4 feet per second corresponds to reduced capture per WEF 

Manual of Practice No. 8. Per the table above, this condition is met during average flows, particularly 

when the downstream water level is in the higher percentile. But, the velocity through the climber 

screen at peak flow conditions is anticipated to be up to 10.39 feet per second at the 50th percentile 

downstream water level. These higher velocities can lead to a reduced screenings capture efficiency; 

however, negative impacts to downstream processes are not anticipated for this application. Higher 

velocities will be observed infrequently – only during peak hour conditions, and the reduced capture 

noted by the manufacturer does not tend to impact the large debris that would negatively impact the 

influent pump station. Additionally, process areas downstream of the influent lift station would still be 

protected by the fine screens, which are expected to capture any smaller debris that would pass the 

coarse screens.

EPA-HQ-2019-004783   001630



Section 2    Coarse Screen Replacement

2-4
36694.111641.03.02. Headworks Improvements PER Section 2 - Coarse Screen Replacement.docx

2.1.2 Screenings Equipment Information

Process mechanical layouts and specifications for the mechanical screens and the dedicated washer 

compactors were included in the 90-percent design documents provided to the City in October 2016. 

Because the City’s other screen installations have utilized Vulcan Industries screens, they are utilized as 

the basis of design. Equipment highlights are summarized below:

 Material of Construction: 316 stainless steel (SS) will be utilized over 304 SS because of its 

superior corrosion properties, especially with chlorides.

 Screens will come in 6 different sections plus the mechanism (Four, 12-ft long weighing 4,000 lbs. 

Bar rack section, 6,000 lbs; Top section, 500 lbs; Mechanism, 1,500 lbs).

 Each washing press will be placed on a 316 SS dolly to allow it to be moved so maintenance can be 

performed on the screw.  

 Each washing press will include a wash water manifold with five (5) solenoid valves with 

dedicated PVC ball valves. Four (4) of the valves are utilized for washing the material in the 

machine. The fifth valve is for the screen discharge chute flush water. The discharge chute is 

provided by the manufacturer and will come with two spray nozzles for moving screenings off the 

chute.

 316 SS safety cages will be located at main operating level of the headworks building, and 

handrail will be provided at the other two operating levels.

 Electrical & Control Components provided by Vulcan:

- Screens will utilize 5 HP (7.6 FLA @ 480 V, 3-Phase, 60 Hz), two speed, NEMA 6P rated motor

- Washing press will utilize 7.5 (11.0 FLA @ 480 V, 3-Phase, 60 Hz), NEMA 7 motor

- One NEMA 4X control panel for each screen & W/C combination and featuring Vulcan’s 

standard control system, which will be PLC based

- Control panels will include touch screen for operator interface

- Two NEMA 7 level elements and transmitters (utilized by both screens)

- One NEMA 7 float switch with transmitter (utilized by both screens)

- Four NEMA 7 disconnects (one for each piece of equipment)

- Two NEMA 7 screen local control stations (one for each screen)

o Push-to-Stop/Pull-to Run emergency stop maintained push button with lockout

o HAND/OFF/AUTO selector switch

o FORWARD/OFF/REVERSE selector switch. Switch shall spring return from REVERSE to OFF. 

- Two NEMA 7 W/C local control stations (one for each W/C)
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o Push-to-Stop/Pull-to Run mushroom type emergency stop maintained push button with 

lockout.

o HAND/OFF/AUTO selector switch.

o FORWARD/OFF/REVERSE selector switch. Switch shall spring return from REVERSE to OFF. 

o Wash Initiate button

- Each washing press will be equipped with an emergency pull cord.

- Components will also include heat tracing

2.1.3 Engineering Disciplines

In addition to the screenings equipment, other improvements are required to accommodate the removal 

of the existing screens and the installation of the new climber screens. These other required 

improvements are summarized in the subsections below. 

2.1.3.1 Miscellaneous Process Improvements

New stop logs at the upstream and downstream ends of the screening channels will need to be provided. 

Stop logs will be made of FRP, and the stop log guides will be made of 316 SS and be embedded into the 

channel walls. A lifting point will be provided to install and remove the stop logs from the channel, and 

stop log racks will allow for the logs to be stored when not in use.

The screenings washing presses will discharge into dedicated 4 cubic yard dumpsters located on the 

north side of the headworks building. 

2.1.3.2 Architectural

The headworks building is classified as a low-hazard factory industrial, group F-2 occupancy. The 

existing handrails around the slab openings will require complete replacement based on the final sizes 

of new equipment and the condition of the existing handrails and their supports. The existing wall 

openings for the conveyor belts on the north wall of the headworks building will be infilled with CMU to 

match the existing building construction. New openings will be created in the north wall to 

accommodate the new discharge chutes for the washing press units to the dumpsters outside the 

building. A new metal canopy will be constructed on the north side of the headworks building over the 

dumpster units.

2.1.3.3 Structural

The drawings illustrate the demolition required to install the new screens and washer compactors. The 

extent of the concrete rehabilitation will not be known until the condition assessment is performed, 

however for cost estimating purposes it is assumed that each channel wall will have a maximum depth 

of concrete removed of 10-inches by 19-feet along the length of channel wall, and 10-feet high. New 

reinforcing steel will be installed and calcium aluminate cement will be utilized as it has corrosion 

resistant properties. New channels stop logs will be embedded in the channel walls in both channels 

upstream and downstream of the new screens. Modifications to the intermediate slabs will be required 

based upon the new screenings equipment layout. Modifications will include removing portions of the 

existing slabs and installing new concrete slabs.
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2.1.3.4 Civil

No civil work will be required on this portion of the project, aside from running a new 2-inch city water 

line to the headworks building for use with the screening equipment.

2.1.3.5 Electrical

The one line diagram for the new equipment is shown in Appendix A. Heat trace and insulation will be 

installed on the sections of the washing press discharge pipes that protrude out of the headworks 

building. The heat trace and insulation shall be terminated 6-inches from the end of the discharge pipe. 

The insulation shall have aluminum shielding to protect it.

2.1.3.6 Instrumentation & Controls

The two new control panels will be connected to the existing SCADA system via Ethernet to the 

Administration Building. This will allow the screening system to be monitored via SCADA. A new 

combustible gas detector will be installed, along with a strobe and horn, in order to comply with NFPA 

820.

2.1.3.7 Plumbing

The new washing presses require water to assist in the washing of the screenings. In addition, flush 

water will be required on the chute that conveys screenings from the screen to the washing press, as the 

space within the existing headworks building do not allow for the desired chute geometry. Each 

discharge chute will include two spray nozzles, one on each side of the chute, along with a solenoid and a 

ball valve for each discharge chute. The solenoid and ball valves will be located on the washing press 

valve manifold. Therefore, a new potable water line will be run from the Influent Pump Station into the 

headworks building. The line will need to include a code compliant backflow preventer or tie into the 

potable water line downstream of the preventer in the Influent Pump Station.

2.1.3.8 HVAC/Odor Control

The existing HVAC system will not be modified as part of this work. However, a new headworks odor 

control system will be included in GMP 2. New fiberglass reinforced plastic (FRP) duct work for the odor 

control system will be required at the influent side of the headworks to extend the exhaust duct down to 

just above the high water line.

2.2 Control Narrative
The control narrative for the operation of the screens and washing presses are described herein.

2.2.1 Screen Control Narrative

The climber screen will be able to operate in manual or automatic mode, and those modes of operation 

are described below.

2.2.1.1 Manual Screen Operation

When the operator uses the HAND-OFF-AUTO selector switch at the local control station and selects the 

HAND position, the screen will operate continuously. The operator can utilize the FORWARD-OFF-

REVERSE selector switch to dictate the direction the screen will operate.

Interlocks are not active when the screen is operated in manual mode.
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2.2.1.2 Automatic Screen Operation

When the operator uses the HAND-OFF-AUTO selector switch at the local control station and selects the 

AUTO position, the screen will automatically start based upon the following:

 A software based elapse timer (TMR1) is also included, and will be operator adjustable at the PLC. 

The screen will automatically initiate cleaning cycle(s) when the elapse timer has timed out. This 

functionality helps ensure the screens are cleaned a minimum number of times each day. The 

cycle frequency (CF) and the duration times (TMR2) associated with the timer shall be set by the 

operator through set points in the Operator Interface Terminal (OIT).

 The normal timer start will be overridden by a start commend generated by the PLC based upon 

the water surface level sensors and the operator adjustable water surface level differential set 

point (DIFF1). When a water surface differential greater than the surface level differential set 

point DIFF1 is observed, the screen will automatically initiate a cleaning cycle. The screen will 

continue to run until the water surface differential achieves second operator adjustable set point 

(DIFF2), which indicates the screen is clean.

 The normal timer start will be overridden by a high level alarm generated from the high level 

(HWL) float switch provided. The switch will be located at a common point immediately upstream 

of the channels. The screen will run continually when the high level switch is activated, and an 

alarm will be initiated. The screen will continue to operate until the water level is reduced below 

the high level float switch set point.

 Given there is one set of level elements, both screens will operate simultaneously when they are 

both placed in AUTO.

 A cycle counter on the screens keeps track of how many cleaning cycles each screen performs.

 Initial set point values are included in the table below.

Parameter Set Point

TMR1 60 Minutes

TMR2 2 Minutes

CF 3

DIFF1 2’-0”

DIFF2 6”

HWL EL 189.25

2.2.2 Washing Press Control Narrative

The washing press will be able to operate in manual or automatic mode, and those modes of operation 

are described below.

2.2.2.1 Manual Washing Press Operation

When the operator uses the HAND-OFF-AUTO selector switch at the local control station and selects the 

HAND position, the washing press will operate continuously. The operator can utilize the FORWARD-

OFF-REVERSE selector switch to dictate the direction the screw will operate. A spring return is provided 

for the REVERSE position. 
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Interlocks are not active when the washing press is operated in manual mode.

With the HAND-OFF-AUTO selector switch in the HAND position, the operator can begin a cleaning 

sequence when using the INITIATE pushbutton.

2.2.2.2 Automatic Washing Press Operation

When the operator uses the HAND-OFF-AUTO selector switch at the local control station and selects the 

AUTO position, the washing press will automatically start based upon the following:

 The operation of the washing press is controlled by the number of cycles perform by the 

dedicated screen. An adjustable set point allows for the number of cycles required before 

initiating the operation of the washing press to be selected by the operator. The PLC keeps track 

of the number of cycles via the screen cycle counter.

 The solenoid valve for the screen discharge chute flush water is automatically opened and closed 

based upon an operator adjustable set point. The length of time the solenoid valve is open is also 

operator adjustable. This allows the operator to control how often the flush water is utilized, and 

for how long. 

2.3 Construction Sequencing and Constraints
The major constraint associated with the coarse screen replacement is whether the work will be 

performed while the headworks building is in operation with one channel being off line at a time, or if 

the entire headworks/influent pump station structure will be by-passed. Given the relative frequency 

that the lower level of the headworks building is flooded during high flow events when both channels 

are in service, performing the work with only one channel in service poses safety concerns and can 

result in delays when flooding events do occur. Therefore, it is recommended that bypass pumping be 

installed from the Influent Bypass Structure to the influent chambers at the Aerated Grit Tanks.

In an effort to minimize the costs associated with by-pass pumping, as much work as possible will be 

performed ahead of time. A preliminary list of work items are included herein, but more detailed 

schedule/plan will be developed as this design work moves forward. This work would be focused at the 

operating floor level in the headworks building, or outside of the headworks building. Because the 

interior of the headworks building will be classified as a Class 1 Division 2 environment until the bypass 

pumping begins, only non-spark generating activities can be performed inside the headwork building. 

The movable portions of the coarse screens, and the conveyors could be removed. The existing openings 

on the north wall could be filled in and the new openings made. The new potable water line can be run 

to the building. The two master control panels and fabricated equipment shelter can be installed outside 

of the headworks building, and new electrical and controls wiring can be installed up to the headworks 

building. Once the bypass pumping system is operational, the remaining demolition can begin. 
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Section 3

Schedule and Opinion of Probable Construction 

Cost (OPCC)

3.1 Schedule
The schedule for the Headworks Improvements will be dependent on the City’s review of the design 

documents and the approval for funding of the work by the Clean Water State Revolving Fund. Once 

funding for this work has been approved, Issued for Construction documents will be submitted to TDEC 

for approval within 2 months of that date. The work will be sent to bid upon approval from TDEC with 

an anticipated construction duration of 14 months. 

Based upon the work included in these improvements, we estimate a total of 7 bid packages will be 

developed, including equipment and subcontractors. Estimated bid packages are as follows:

 Electrical Gear  

 Mechanical Screens and Washing Presses

 Bypass Pumping

 Canopy Subcontractor

 Concrete Subcontractor

 Electrical Subcontractor

 Mechanical Subcontractor

These bid packages are still in discussion with the City, in an attempt to maximize opportunities for 

Minority- and Women-Owned Businesses. Procurement of the bid packages will be done in accordance 

with the City’s procurement requirements and in compliance with the requirements of the Clean Water 

State Revolving Fund.

Critical path for the Headworks Improvements schedule runs through review and approval times for the 

activities that precede bid package procurement, the bypass pumping system implementation as well as 

the lead times for the electrical gear and the screening equipment. It is critical that we maintain the 

equipment review and approval activity durations in order to get started on procuring the long lead 

time equipment. For the purpose of this schedule we have included the lead times provided by the 

vendors at this preliminary stage. Once the equipment has been selected. we will work with the selected 

vendors to improve on fabrication and delivery times.  

3.2 OPCC
This section presents the opinion of probable construction cost (OPCC) for the Headworks 

Improvements at the preliminary engineering report (PER) stage of the design process.  As presented in 

earlier sections of this PER, the scope for the Headworks Improvements includes the following items:
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 Replacement of the existing Manual Coarse Screens w/Mechanical Coarse Screens and the 

associated appurtenances (including bypass pumping of the entire plant flow around the 

headworks and influent pump station). 

 Total Overall Base Package Project CM GC's (not including design or CM GC Pre-Construction 

Services).

The OPCC for the Headworks Improvements is based on the 90-percent Design Package submitted to the 

City of Memphis (City) in October 2016. In addition, the OPCC includes refinement of the package as the 

design has progressed to the 90-percent level. The OPCC is shown in Table 3-1.

Table 3-1 Headworks Improvements OPCC

Headworks Improvements Scope Item
Construction Cost w/ Add Services 

(12%)1

Headworks Improvements (070, 250 & 800) $10,300,000

Notes:

1. 12% multiplier is estimate based on 2% construction services and 10% general conditions for CMAR contract
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 EQUIPMENT SELECTION AND DATA SHEET Draft – Not for Construction 
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ER

A
L 

JOB NAME P&ID REVIEW DESIGN CHECK REVISIONS 
MEMPHIS MAXSON WWTF 

PROCESS UPGRADES 
HEADWORKS IMPROVEMENTS 

BY:  BY: TYSON 
HANN BY: BH 1  4 

JOB NUMBER DATE:   DATE: 
2/29/2016 

DATE: 
3/2/16 2 5 

36694-111641    3 6 

EQUIPMENT NAME LOCATION EQUIPMENT NUMBER(S) 

Mechanical Bar Screens Headworks Building 

Coarse Screen 1 
Coarse Screen 2   

SPECIFICATION NUMBER(S) 
11330 

M
EC

H
A

N
IC

A
L 

WEIGHT (EMPTY/OPERATING) NO. OF UNITS SPECIAL REQUIREMENTS 
 INIT: 2 ULT: 2 • Screen Angle – 85 degrees 

• Channel Depth -47’-9” 
• Max. Water Depth – 10’-0” 
• Max. Head Differential at Average condition 

with clean screen – 1-1/4” 
• Max. Building Height – 17’-4” 

SIZE  STATUS 
6’-6” CHANNEL WIDTH 

1” BAR SPACING  

CAPACITY SERVICE 
 85 MGD PER SCREEN Raw Sewage Screening 

RAKE SPEED  MATERIALS OF CONSTRUCTION ACCESSORIES 
MIN - 25 FT/MIN • 316L SS  • Two spray nozzles on the discharge chute 

• Enclosed discharge chute with access panel to 
spray nozzles. 

TDH FOR PUMPS 
NA 

CLASS OR RATING 
NEMA 6P/7 

EL
EC

TR
IC

A
L 

HP MOTOR TYPE ACCESSORIES 

5 HP Submersible TENV 
Drive Motor • High level float switch 

• Two level elements and one transmitter for WSE in the channel 
• Drive and brake motor have heaters and overtemperature switches 
• Overrotate limit switch, N.O. 
• Two end of travel limit switches, one N.O. and one N.C. 
• Two NEMA 7 rated disconnect switches 

VOLTAGE MOTOR SPEED 
480V – 7.6 FLA 1800 rpm 
ENCLOSURE STARTS/DAY 
NEMA 6P/7 Up to 48 

PHASE RUNNING TIME 
3/60 Hz Continuous 

EMERGENCY POWER �YES ⌧  NO 

IN
ST

U
R

M
EN

TA
TI

O
N 

INST. CONTROL REQ’D NORMAL CONTROL ABNORMAL CONTROL 
CONDITIONS 

FIELD 
INTERFACE 

� YES �  NO • Two NEMA 4X Main Control Panels, 
located outside building housing PLC 
and OIT 

• Two NEMA 7 LCP local control next to 
equipment 

• MCP will control both the screen and 
dedicated washing press. 

• Controls will typically be in AUTO, with 
SCADA monitoring status and alarms. 

ALARM SHUT DOWN LOCAL CONTROL 

 HIGH LEVEL NO YES –OIT @ 
MCP 

TYPE OVERROTATE YES  
� MANUAL � AUTO � DACS OVER TEMP YES  

INST. PKG BY MFR    
⌧ YES � NO    

CONTROL REQUEST    
� YES �  NO    

EN
VI

R
O

NM
EN

TA
L 

C
O

N
D

IT
IO

N
S 

 YES NO REMARKS  YES NO REMARKS 

INSIDE BUILDING � � CLASS 1, DIVISION 2 CORROSIVE AREA � �  

DAMP AREA � �  DUSTY AREA � �  

SUBJECT TO FREEZING ⌧ �  EXPLOSIVE AREA ⌧ �  

SUBJECT TO DIRECT SUN � �  SUBJECT TO FLOODING ⌧ � Motor and Level Elements 

TEMP LIMITS ON EQUIP ⌧ �  OTHER � ⌧  

EQ
U

PI
M

EN
T 

SE
LE

C
TI

O
N 

SELECTED MANUFACTURER MODEL COST 

Vulcan FT-78 Mensch Severe-Duty Bar Screen 316L SS $840,000 

ALTERNATIVE MANUFACTURER (NONE)   
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JOB NAME P&ID REVIEW DESIGN CHECK REVISIONS 
MEMPHIS MAXSON WWTF 

PROCESS UPGRADES 
HEADWORKS IMPROVEMENTS 

BY:  BY: TYSON 
HANN BY: BH 1  4 

JOB NUMBER DATE:   DATE: 
2/29/2016 

DATE: 
3/2/16 2 5 

36694-111641    3 6 

EQUIPMENT NAME LOCATION EQUIPMENT NUMBER(S) 

Screenings Washing Press Headworks Building 

Washing Press 1 
Washing Press 2  

SPECIFICATION NUMBER(S) 
11332 

M
EC

H
A

N
IC

A
L 

WEIGHT (EMPTY/OPERATING) NO. OF UNITS SPECIAL REQUIREMENTS 
 INIT: 2 ULT: 2 • Potable water connection 

• Potable water flow between 19 & 25 gpm and a 
pressure between 35 and 60 psi  

SIZE  STATUS 
EWP 300/1000  

CAPACITY SERVICE 
53 CF/HR (BATCH) &  

140 CF/HR  (CONTINUOUS) Raw Sewage Screening 

RAKE SPEED  MATERIALS OF CONSTRUCTION ACCESSORIES 
NA • 316L SS  • Dolly/Caster Mounted for maintenance 

• Discharge piping with 6” x 6” access ports 
• Enclosed discharge chute with spray nozzle 

access panel. 

TDH FOR PUMPS 
NA 

CLASS OR RATING 
NEMA 7 

EL
EC

TR
IC

A
L 

HP MOTOR TYPE ACCESSORIES 
7.5 HP  TENV Drive Motor 

• Drive motor has heaters and overtorque switches 
• Five SS, NEMA 7 solenoid valves  
• Two NEMA 7 rated disconnect switches 
• NEMA 7 Emergency stop pull cord & switch  

VOLTAGE MOTOR SPEED 
480V – 11.0 FLA 1800 rpm 

ENCLOSURE STARTS/DAY 
NEMA 7 Up to 48 
PHASE RUNNING TIME 
3/60 Hz Continuous 

EMERGENCY POWER �YES ⌧  NO 

IN
ST

U
R

M
EN

TA
TI

O
N 

INST. CONTROL REQ’D NORMAL CONTROL ABNORMAL CONTROL 
CONDITIONS 

FIELD 
INTERFACE 

� YES �  NO • Two NEMA 4X Main Control Panels, 
located outside building housing PLC 
and OIT 

• Two NEMA 7 LCP local control next to 
equipment 

• MCP will control both the screen and 
dedicated washing press. 

• Controls will typically be in AUTO, with 
SCADA monitoring status and alarms. 

ALARM SHUT DOWN LOCAL CONTROL 

TYPE OVER TEMP YES YES – OIT @ 
MCP 

� MANUAL � AUTO � DACS OVER 
TORQUE YES  

INST. PKG BY MFR    
⌧ YES � NO    

CONTROL REQUEST    
� YES �  NO    

EN
VI

R
O

NM
EN

TA
L 

C
O

N
D

IT
IO

N
S 

 YES NO REMARKS  YES NO REMARKS 

INSIDE BUILDING � � CLASS 1, DIVISION 2 CORROSIVE AREA � �  

DAMP AREA � �  DUSTY AREA � �  

SUBJECT TO FREEZING � �  EXPLOSIVE AREA ⌧ �  

SUBJECT TO DIRECT SUN � �  SUBJECT TO FLOODING � �  

TEMP LIMITS ON EQUIP ⌧ �  OTHER � ⌧  

EQ
U

PI
M

EN
T 

SE
LE

C
TI

O
N 

SELECTED MANUFACTURER MODEL COST 

Vulcan EWP 300/1000 Washing 
Press $170,000 

ALTERNATIVE MANUFACTURER (NONE)   
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Section 1  

Introduction 

1.1 Overview  
The City of Memphis (City) retained CDM Smith Inc. to design and construct disinfection, biological 

treatment and hydraulic capacity improvements at the City’s T.E. Maxson Wastewater Treatment 

Facility (WWTF) via a construction management at risk (CMAR) project delivery method. These 

improvements include:  

� Replacement of the Existing Headworks Manual Coarse Screens;  

� Upgrades to the Effluent Pump Station Electrical Improvements; 

� Biotower Upgrades and RAS Re-Aeration Basin; 

� Conversion from coarse-bubble to fine bubble diffusers in the Aeration Basins; 

� Addition of peracetic acid (PAA) disinfection system including contact tanks; 

� Demolition of the existing Final Clarifier 5-N and 5-S and construction of two new Final 

Clarifiers; 

� Miscellaneous hydraulic improvements; and,  

� Improvements to the odor control system. 

These improvements will be divided into multiple design packages throughout the project duration. 

Package 2A, as described in this Preliminary Engineering Report (PER), includes the demolition of the 

coarse-bubble diffused aeration system in the Aeration Basins and conversion to fine-bubble diffused 

aeration; demolition of existing Final Clarifiers 5-N and 5-S and construction of Final Clarifiers 5-N and 

5-S with dedicated scum pumping for each new clarifier; a dedicated return activated sludge pump 

station for Final Clarifiers 5-N and 5-S; odor control systems for the influent junction box, coarse 

screens, grit removal system, fine screens, primary clarifiers and the Intermediate Pump Station Wet 

Wells; and hydraulic improvements to the discharge box of the Intermediate Pump Station.  

In addition, this report revises the primary effluent process design parameters from the January 2016 

Conceptual Design Report. The basis of the process design is utilizing Primary Clarifiers 1, 2 and 3 as 

primary clarifiers and using existing Primary Clarifier 4 as a thickener. The revised primary effluent 

design criteria affects the discharge criteria of the trickling filters as well as the design criteria for the 

proposed solids contact process consisting of the existing 16.8 million gallons (MG) of aeration basin 

volume combined with the proposed 3.5 MG RAS Reaeration Basin.  

The City has also requested that the secondary treatment process be evaluated using the existing 

wood media in the trickling filters (operating in roughing mode), a combined plastic media/wood 

media option (operating in roughing mode) where four of the existing trickling filters would be 

retrofitted with 23 feet of plastic media and the remaining two trickling filters use the existing wood 

media, and an option where all six trickling filters are upgraded with 23 feet of plastic media 
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(operating in roughing mode) . This report discusses the design parameters for these process 

alternatives as well.  

Package 2A does not include the RAS Reaeration Basin structure (currently proposed for design in 

Package 2B). This report does include the process design and process air requirements for the RAS 

Reaeration Basin for the scenarios listed above. 

The format for the report includes:  

� Revised Primary Effluent Process Design Parameters 

� Basis of Design  

� Construction Sequencing and Constraints  

� Project Schedule 

� Major Equipment Specifications  

� 30-Percent Drawings for the demolition of the existing coarse-bubble diffusers, demolition of 

Final Clarifiers 5-N and 5-S, modifications to Final Clarifiers 5-N and 5-S, new scum and RAS 

pumping, the hydraulic improvements to the Intermediate Pump Station, and the odor control 

upgrades. 

1.2 Revised Primary Effluent Design Parameters  
The January 9, 2017 memorandum from CDM Smith to the City recommended that the City 

recommence using Primary Clarifier No. 4 as a primary sludge thickener. The basis of this 

recommendation was to maintain CFR 503 regulations for retention time in the anaerobic lagoons 

during winter conditions. The City has also requested that the secondary treatment process be 

evaluated using the existing wood media in the trickling filters or a combined plastic media/wood 

media option where four of the existing trickling filters would be retrofitted with 23 feet of plastic 

media and the remaining two trickling filters use the existing wood media. The purpose of Section 1.2 

is to: 

� Provide revised primary effluent design criteria using three primary clarifiers in service; 

� Determine the removal efficiency of soluble BOD5 and establish the mass loadings leaving the 

trickling filters for both media options mentioned above; and, 

� Reevaluate the secondary treatment process including impacts on the secondary clarifier 

performance and the aeration system design. 

1.2.1 Primary Effluent Design Criteria 

1.2.1.1 Original Basis of Design – Four Primary Clarifiers in Service 

The January 2016 conceptual design report (CDR) developed the basis of design for mass loadings in 

the raw influent and primary effluent (PE). This analysis included statistical evaluation of the flows 

and mass loadings along with performance evaluation for the primary clarifiers in order to establish 

removal efficiencies for biochemical oxygen demand (BOD5) and total suspended solids (TSS). This 

analysis included evaluation of data with four primary clarifiers in service to establish the basis of 

design. 

EPA-HQ-2019-004783   001646



 Section 1  •  Introduction 

 

 1-3 
PW.EXT.36694.111641.03.02.Conceptual Design Report.GMP 1 PER.Section 1 - Introduction.docx 

The predicted primary effluent BOD5 mass load in the 2016 CDR was established using an average of 

three regression analyses of the data. These analyses included: 

� Correlation 1 - Daily influent BOD5 mass load versus daily primary effluent BOD5 mass load; 

� Correlation 2 - Daily influent BOD5 mass load versus daily primary effluent BOD5 mass load 

forcing the y-intercept to be zero; and, 

� Correlation 3 - Monthly average influent BOD5 mass load versus monthly average primary 

effluent BOD5 mass load. 

Table 1-1 summarizes the results of each regression analysis, the predicted primary clarifier removal 

rate for each regression analysis and the average of the three analyses. As noted previously, the 

average of the three regression analyses used as the basis of design for the primary effluent at a plant 

capacity of 90 million gallons per day (MGD) with four primary clarifiers in service. 

Table 1-1 Predicted Primary Effluent BOD5 at 90 MGD (from 2016 CDR) – 4 Clarifiers in Service 

Parameter Correlation Unit 
BOD5 Mass Loading at Design Capacity 

AD ADMM MD 

Raw Influent N/A lb/day 543,000 686,000 776,000 

Primary Effluent 1 lb/day 415,000 495,000 545,000 

Removal Efficiency 1 % 24 28 30 

Primary Effluent 2 lb/day 435,000 550,000 622,000 

Removal Efficiency 2 % 20 20 20 

Primary Effluent 3 lb/day 457,000 571,000 643,000 

Removal Efficiency 3 % 16 17 17 

Average (Design Value) Avg 1, 2, &3 lb/day 436,000 539,000 603,000 

Removal Efficiency N/A % 20 21 22 

 

The predicted primary effluent TSS mass load in the 2016 CDR was established using regression 

analysis which predicted primary effluent mass load as a function of raw influent mass load. Table 1-2 

summarizes the primary effluent TSS at 90 MGD utilizing four primary clarifiers. 

Table 1-2 Predicted Primary Effluent TSS at 90 MGD (from 2016 CDR) – 4 Clarifiers in Service 

Parameter Unit 
TSS Mass Loading at Design Capacity 

AD ADMM MD 

Raw Influent lb/day 418,000 522,000 664,000 

Primary Effluent lb/day 208,000 234,000 271,000 

Removal Efficiency % 50 55 59 

 

1.2.1.2 Revised Basis of Design – Three Primary Clarifiers in Service 

The 2009 to 2014 Maxson data set was reevaluated to include only primary effluent data with three 

primary clarifiers in service. This data set, however, did not use Clarifier No. 4 as a thickener and was 

not used. Additional data in 2016 and 2017 was provided by the City while Clarifier No. 4 was being 

operated as a thickener. This data set was evaluated to determine the predicted change in the primary 

effluent BOD5 and TSS when changing from four clarifiers to three clarifiers in service.  
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Analyses similar to those done in the 2016 CDR were performed but did not yield results that provide 

correlations to develop the primary effluent design criteria. Therefore, new correlations were 

developed which utilized surface overflow rate to the primary clarifiers, influent TSS concentration, 

influent temperature, and sludge blanket depth in Clarifiers 1, 2 and 3 and, in the thickener (Clarifier 

No. 4) to predict removal efficiency. The TSS removal efficiency in the primary clarifiers is 

summarized below: 

���	�����	
	�% � 	�����	������� 	������	�������
�	�����

��	 

where: 

� SOR = clarifier surface overflow rate (gpd/sf) 

� Temp = influent temp (Deg C) 

� TSS = influent TSS (mg/L) 

� Db1-3 = blanket depth in Clarifiers No. 1-3 (ft) 

� Db4= blanket depth in thickener (Clarifier No. 4) (ft) 

 

Solver analysis was used to select coefficients a, w, x, y, z, and a’ to minimize the sum of squares 

between the predicted and actual TSS removal efficiencies. Results of the sum of squares yielded the 

following equation: 

���	�����	
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Figure 1-1 shows the predicted versus reported TSS removal efficiencies for the data set. Figure 1-2 

shows the predicted and reported TSS removals versus clarifier surface overflow rate. 

 
Figure 1-1 Predicted Versus Reported Primary Clarifier TSS Removal for 2016-2017 Data 
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Figure 1-2 Predicted Versus Reported Primary Clarifier TSS Removal for 2016-2017  

Data as a Function of Surface Overflow Rate 

 

The algorithm is applied to the design conditions at 90 MGD. Table 1-3 summarizes the results. As 

expected, the efficiency of TSS removal of the primary clarifiers has decreased. The 2016 CDR 

predicted an average of 50- to 59- percent removal with four clarifiers in service. 

Table 1-3 Predicted Primary Effluent TSS at 90 MGD – 3 Clarifiers in Service 

Parameter Unit 
TSS Mass Loading at Design Capacity 

AD ADMM MD 

Raw Influent lb/day 418,000 522,000 664,000 

Flow MGD 90 90 90 

TSS mg/L 557 695 885 

SOR gpd/sf 1,179 1,179 1,179 

Blanket Depth, Clarifiers Nos 1-3 ft 1.0 1.0 1.0 

Blanket Depth, Thickener (Clarifier No. 4) ft 4.0 4.0 4.0 

Primary Effluent lb/day 269,000 301,000 324,000 

Removal Efficiency % 36 42 51 

 

The analysis assumes a constant flow at 90 MGD at all design loading conditions as data indicates that 

at flows greater than 90 MGD that the mass loads are less than the average load for the plant which 

indicates that peak flows and loads are not simultaneous. The analysis also assumes an average 

temperature of 24 degrees Celsius, sludge blanket depth of 1 foot Clarifiers Nos. 1, 2 and 3 and a 

blanket depth of 4 feet in thickener (Clarifier No. 4). The sludge blanket depth in Clarifiers Nos. 1, 2 

and 3 used is less than the average of the 2016-2017 data set, however, the primary sludge pumps 
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should be upgraded by the time the facility reaches 90 MGD and there should not be limitations on 

removing sludge from the primaries and into the thickener (Clarifier No. 4). 

The primary effluent BOD5 correlation developed in the 2016 CDR was also reevaluated due to the 

change in the number of primary clarifiers. This was due to several factors including the reduction of 

clarifier surface area and the appearance of a lower soluble BOD5 fraction in the primary effluent. The 

soluble BOD5 content averaged 80-percent from the 2009-2014 data set while it averaged 78-percent 

in the 2015-2016 data set.  

There appears to still be a trend that relates influent BOD5 load to primary effluent BOD5. Figure 1-3 

shows the plot of influent BOD5 versus primary effluent BOD5 for the 2016-2017 data set. The 

coefficient of determination, R2, is 0.21 in this data set which shows a trend. This trend is not as strong 

as the trend developed in the 2016 CDR which showed a coefficient of determination of 0.49. To 

address this, a stronger correlation was developed that uses both influent BOD5 load as well as 

predicted primary clarifier TSS removal efficiency to determine primary effluent BOD5 load.  

 
Figure 1-3 Reported Influent and Primary Effluent BOD5 Loadings From 2016-2017  

Data Set 

 

The primary effluent BOD5 correlation uses the TSS removal correlation developed previously along 

with the influent BOD5 load and uses two additional coefficients, b and c, in the algorithm. The primary 

effluent BOD5 load algorithm is summarized below: 

'(	)��* � +	�����	������� 	������	�������
�	�����

��	,�	�)��*,.
/	 

where: 

� PE BOD5 = predicted primary effluent BOD5 (lb/d) 

� SOR = clarifier surface overflow rate (gpd/sf) 
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� Temp = influent temp (Deg C) 

� TSS = influent TSS (mg/L) 

� Db1-3 = blanket depth in Clarifiers No. 1-3 (ft) 

� Db4= blanket depth in thickener (Clarifier No. 4) (ft) 

� BOD5,i = reported influent BOD5 (lb/d) 

or, simplified: 

'(	)��* � +'��0123�0	���	�����	
	�44121�526,�	�)��*,.
/	 

 

Solver analysis was used to select coefficients b and c along with the generated predictions of TSS 

removal efficiencies to generate predicted primary effluent BOD5 loads by minimizing the sum of 

squares between the predicted and actual primary effluent BOD5 loads. Results of the sum of squares 

yielded the following equation: 

'(	)��* �
)��*,.

 .#"

�'��0123�0	���	�����	
	% . "
 

Figure 1-4 shows the predicted versus reported primary effluent BOD5 mass loads for the data set.  

 
Figure 1-4 Predicted Versus Reported Primary Effluent BOD5 Load for 2016-2017 Data 
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The algorithm is applied to the design conditions at 90 MGD. Table 1-4 summarizes the results. The 

removal efficiencies for BOD5 are predicted to increase 2- to 3-percent from the 2016 CDR. The 

soluble BOD fraction of the primary effluent BOD5 decreased 2% from the 2009-2014 data set to the 

2016-2017 data set. This does appear to be counterintuitive, but could be explained by decreased 

fermentation in the primary clarifiers or an increased particulate fraction of BOD5 in the raw influent 

due to closure of Cargill and the high soluble BOD5 fraction of their waste stream.  

Table 1-4 Predicted Primary Effluent BOD5 at 90 MGD – 3 Clarifiers in Service 

Parameter Unit 
BOD5 Mass Loading at Design Capacity 

AD ADMM MD 

Raw Influent lb/day 543,000 686,000 776,000 

Predicted TSS Removal Efficiency % 23 42 51 

Predicted Primary Effluent BOD5 lb/day 418,000 519,000 576,000 

BOD5 Percent Removal % 23 25 26 

 

Table 1-5 summarizes the primary effluent mass loadings for the secondary treatment process 

assuming three primary clarifiers are in service. 

Table 1-5 Primary Effluent Mass Loadings at 90 MGD – 3 Clarifiers in Service 

Parameter Unit 
Design Condition 

AD ADMM MD 

Primary Effluent BOD5 lb/day 418,000 519,000 576,000 

Primary Effluent TSS lb/day 269,000 301,000 324,000 
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Section 2  

Revised Solids Contact Process Design Parameters 

and Aeration Basin Fine-Bubble Diffuser Conversion 

There are seven two-pass aeration basins installed at the Maxson WWTF. Basins 1 through 10 on the 
north and south side have a overall footprint of 500 feet by 24 feet. Basins 11 through 14 on the north 
and south side have an overall footprint of 450 feet by 24 feet. The basins have a design sidewater 
depth of 13.75 feet yielding an overall treatment volume of 16.8 million gallons (MG). The aeration 
basins presently are installed with coarse-bubble diffused aeration. Air is provided by six 1,500 
horsepower single-stage blowers.  A 3.5 million gallon return activated sludge reaeration basin will be 

provided in future Package 2B as part of the trickling filter/solids contact design. 

There are eight final clarifiers currently installed each with a diameter of 135 feet. Due to the 
revisions to the process design of the solids contact process, the sizing and process design of the 
final clarifiers is presented in this section as it is coupled with the process design of the aeration 
basins. Discussion on demolition of the existing final clarifiers can be found in Section 3. 
Discussion on the process/mechanical, structural, electrical and instrumentation components of 
the new final clarifiers, return activated sludge (RAS) and scum pumps can be found in Section 4.  

2.1 Design Basis 
Evaluation of the anticipated performance of the trickling filters (previously identified as Biotower) is 
required in order to determine oxygen requirements and air flows for the proposed diffused aeration 
system, design mixed liquor suspended solids concentrations and evaluation of expected performance 

of the final clarifiers. This section will: 

� Determine the removal efficiency of soluble biochemical oxygen demand (BOD5) and establish 
the mass loadings leaving the trickling filters for a wood media only, a hybrid plastic/wood 
media system and entire system replaced with plastic media;  

� Reevaluate the secondary treatment process including impacts on the final clarifier 

performance and the aeration system design;  

� Discuss any related structural, electrical, or automation related design considerations 

specifically related to the fine-bubble diffuser upgrades; and 

� Discuss construction constraints related to the fine-bubble diffuser conversion. 

2.1.1 Process/Mechanical 

The primary effluent design criteria established in Section 1 is used to evaluate the performance of the 
trickling filters under three scenarios. The first scenario assumes that the existing wood media 
remains in place and six units are in service. The second scenario assumes that the wood media is 
replaced with 23 feet of plastic media in four of the six units. The remaining two units would keep 
wood media in place. The third scenario replaces the wood media with 23 feet of plastic media in all 

six trickling filters. 
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Soluble BOD5 data was provided from September 2016 through February 2017 while the facility was 
operating with three primary clarifiers in service with the fourth unit serving as a thickener. The 
average soluble BOD5 in the primary effluent over this time period was 78-percent which is similar to 
the soluble BOD5 average in four primary clarifier operation (81-percent). There were days in which 
the soluble BOD5 did increase and it is anticipated that fermentation was occurring in the sludge 
blanket. Upgrades to the primary sludge pumps and the ability to pump the blanket down faster 
should result in decreased soluble BOD5 in the primary effluent. Based on those future improvements, 

utilizing 78-percent soluble BOD5 fraction in the primary effluent should be conservative.  

2.1.1.1 Expected Performance with Existing Wood Media 

The January 9, 2017 memorandum titled “T.E. Maxson WWTF Draft Capacity Analysis Utilizing 
Wood Media in Trickling Filters”, included in Appendix F, provided data analysis regarding the 
performance of the existing wood media which correlated soluble BOD5 removal to the soluble 
BOD5 loading to the trickling filters for both winter and summer conditions. Figure 2-1 shows the 
soluble BOD5 media loading rate versus soluble BOD5 removed during summer conditions for 
days with water temperatures between 29 and 32 degrees Celsius. Figure 2-2 shows the soluble 
BOD5 media loading rate versus soluble BOD5 removed during winter conditions for days with 
water temperatures between 17 and 20 degrees Celsius. 

The regression analysis appears to show correlations for both the summer and winter conditions. The 
correlation suggests that the trickling filters remove more soluble BOD5 as the load increases to the 
media within the loading range experienced at the plant. The regression analyses from Figure 1-3 and 
Figure 1-4 were used along with the PE soluble BOD5 to predict the soluble BOD5 leaving the trickling 
filters during summer and winter conditions at 90 MGD. Tables 2-1 and 2-2 summarize soluble BOD5 

removal predicted in the trickling filters during summer and winter conditions, respectively, at their 
predicted media loading rate. 

 
Figure 2-1 Wood Media Soluble BOD5 Loading Rate Versus Removal During Summer  

Months 

y = 1273.7x - 39099
R² = 0.6022

0

50,000

100,000

150,000

200,000

250,000

300,000

350,000

0 50 100 150 200 250

sB
O

D
5

R
em

o
ve

d
 (

lb
/d

)

sBOD5 Load (lb/d/kcf)

EPA-HQ-2019-004783   001654



 Section 2  •  Revised Solids Contact Process Design Parameters and Aeration Basin Fine-Bubble Diffuser Conversion 

 

 2-3 
PW.EXT.36694.111641.03.02.Conceptual Design Report.GMP 1 PER.Section 2 - Revised Solids Contact Process Design Parameters and Aeration Basin Fine-Bubble Diffuser Conversion.docx 

 

 
Figure 2-2 Wood Media Soluble BOD5 Loading Rate Versus Removal During Winter  

Months 

 

Table 2-1 Summary of Predicted Wood Media Trickling Filter Performance During Summer Conditions at 
90 MGD 

Parameter Unit 
Design Condition 

AD ADMM MD 

PE sBOD5 lb/day 326,000 405,000 449,000 

TF sBOD5 Loading1 lb/d/kcf 181 224 249 

TF sBOD5 Removed lb/day 191,000 247,000 278,000 

sBOD5 Removed % 59 61 62 

1 Loading based solely on soluble BOD5 in primary effluent and does not account for recycle flow. 

 

Table 2-2 Summary of Predicted Wood Media Trickling Filter Performance During Winter Conditions at 
90 MGD 

Parameter Unit 
Design Condition 

AD ADMM MD 

PE sBOD5 lb/day 326,000 405,000 449,000 

TF sBOD5 Loading1 lb/d/kcf 181 224 249 

TF sBOD5 Removed lb/day 152,000 196,000 220,000 

sBOD5 Removed % 47 48 49 

1 Loading based solely on soluble BOD5 in primary effluent and does not account for recycle flow. 

y = 989x - 26256
R² = 0.4067

0

50,000

100,000

150,000

200,000

250,000

300,000

350,000

0 50 100 150 200 250

sB
O

D
5

R
em

o
ve

d
 (

lb
/d

)

sBOD5 Load (lb/d/kcf)

EPA-HQ-2019-004783   001655



Section 2  •  Revised Solids Contact Process Design Parameters and Aeration Basin Fine-Bubble Diffuser Conversion 

2-4  
PW.EXT.36694.111641.03.02.Conceptual Design Report.Package 2 PER.Section 2 - Revised Solids Contact Process Design Parameters and Aeration Basin Fine-Bubble Diffuser Conversion.docx 

2.1.1.2 Expected Performance with Plastic Media/Wood Media (Hybrid Media) System 

The Logan Trifil model was used in conjunction with the regression analyses presented in Figures 2-1 
and 2-2 to predict soluble BOD5 removal in the trickling filter process consisting of two units utilizing 
existing wood media and four units of mixed plastic media. The plastic media includes 3 feet of 
crossflow and 20 feet of vertical flow media (which will be referred to as the hybrid media system in 
this report). The analyses assume an equal flow split to all six trickling filters from the feed pump 
station operating with six pumps or roughly 198 million gallons per day (MGD) of forward flow 
(including trickling filter recycle) yielding two-thirds of the overall flow and load to the plastic media 
trickling filters. Tables 2-3 and 2-4 summarize the trickling filter performance during summer and 

winter conditions at 90 MGD, respectively. 

Table 2-3 Summary of Predicted Hybrid Media Trickling Filter Performance During Summer Conditions at 
90 MGD 

Parameter Unit 
Design Condition 

AD ADMM MD 

PE sBOD5, Total lb/day 326,000 404,000 449,000 

PE sBOD5 Load to Wood Media Filters1 lb/day 108,700 134,800 149,800 

TF sBOD5 Loading2 to Wood Media Filters lb/d/kcf 181 224 249 

TF sBOD5 Removed in Wood Media Filters lb/day 64,000 82,000 93,000 

PE sBOD5 Load to Plastic Media Filters3 lb/day 217,300 269,200 299,200 

TF sBOD5 Loading2 to Plastic Media Filters lb/d/kcf 165 205 227 

TF sBOD5 Removed in Plastic Media Filters lb/day 163,000 204,000 230,000 

 sBOD5 Removed, Total lb/day 227,000 286,000 323,000 

sBOD5 Removed, Total % 70 71 72 

1 Wood media filters loaded with one-third of forward flow. 
2 Loading based solely on soluble BOD5 in primary effluent and does not account for recycle flow. 
3 Plastic media filters loaded with two-third of forward flow. 

 

Table 2-4 Summary of Predicted Hybrid Media Trickling Filter Performance During Winter Conditions at 
90 MGD 

Parameter Unit 
Design Condition 

AD ADMM MD 

PE sBOD5, Total lb/day 326,000 404,000 449,000 

PE sBOD5 Load to Wood Media Filters1 lb/day 108,700 134,800 149,800 

TF sBOD5 Loading2 to Wood Media Filters lb/d/kcf 181 224 249 

TF sBOD5 Removed in Wood Media Filters lb/day 51,000 65,000 73,000 

PE sBOD5 Load to Plastic Media Filters3 lb/day 217,300 269,200 299,200 

TF sBOD5 Loading2 to Plastic Media Filters lb/d/kcf 165 205 227 

TF sBOD5 Removed in Plastic Media Filters lb/day 146,000 182,000 202,000 

 sBOD5 Removed, Total lb/day 197,000 247,000 275,000 

sBOD5 Removed, Total % 61 61 61 

1 Wood media filters loaded with one-third of forward flow. 
2 Loading based solely on soluble BOD5 in primary effluent and does not account for recycle flow. 
3 Plastic media filters loaded with two-third of forward flow. 
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2.1.1.3 Expected Performance with Plastic Media System 

The Logan Trifil model was used again to predict soluble BOD5 removal in the trickling filter process 
consisting of six units of mixed plastic media. The plastic media includes 3 feet of crossflow and 20 
feet of vertical flow media. The analyses assume an equal flow split to all six trickling filters from the 
feed pump station operating with six pumps or roughly 198 million gallons per day (MGD) of forward 
flow (including trickling filter recycle. Tables 2-5 and 2-6 summarize the trickling filter performance 

during summer and winter conditions at 90 MGD, respectively. 

Table 2-5 Summary of Predicted Plastic Media Trickling Filter Performance During Summer Conditions at 
90 MGD 

Parameter Unit 
Design Condition 

AD ADMM MD 

PE sBOD5 lb/day 326,000 404,000 449,000 

TF sBOD5 Loading1 lb/d/kcf 165 205 227 

TF sBOD5 Removed lb/day 246,000 305,000 346,000 

sBOD5 Removed % 75 75 77 

1 Loading based solely on soluble BOD5 in primary effluent and does not account for recycle flow. 

 

Table 2-6 Summary of Predicted Plastic Media Trickling Filter Performance During Winter Conditions at 
90 MGD 

Parameter Unit 
Design Condition 

AD ADMM MD 

PE sBOD5 lb/day 326,000 404,000 449,000 

TF sBOD5 Loading1 lb/d/kcf 165 205 227 

TF sBOD5 Removed lb/day 219,000 272,000 304,000 

sBOD5 Removed % 67 67 68 

1 Loading based solely on soluble BOD5 in primary effluent and does not account for recycle flow. 

 

2.1.2 Diffused Aeration System Sizing 

The BioWin simulation program was used in conjunction with the results of the trickling filter analysis 
to estimate oxygen demand and operating mixed liquor suspended solids (MLSS) concentration in the 
solids contact process. The raw influent used in the model is COD based and utilized the PE removal 
efficiencies provided earlier in this memorandum at ADMM and MD conditions to predict the PE 

values.  

Adjustments were made to model parameters for the trickling filters in order to match the results of 
soluble BOD5 removal predicted by the regression analysis in Tables 2-3 and 2-4 as well as to preclude 
nitrification from occurring in the tricking filter. Literature suggests that nitrification will not occur in 
the trickling filters as long as there is substantial amounts of sBOD5 remaining. This is due to 
competition between the autotrophs and heterotrophs for dissolved oxygen. These changes in the 
BioWin model included revisions to default input parameters for the media specific area and the local 

temperature in the trickling filters. 

EPA-HQ-2019-004783   001657



Section 2  •  Revised Solids Contact Process Design Parameters and Aeration Basin Fine-Bubble Diffuser Conversion 

2-6  
PW.EXT.36694.111641.03.02.Conceptual Design Report.Package 2 PER.Section 2 - Revised Solids Contact Process Design Parameters and Aeration Basin Fine-Bubble Diffuser Conversion.docx 

The process model was configured with diffused air configured in four zones in series in the Contact 
Basins to account for variations in oxygen requirements in downstream portion of each aeration 
basin. Likewise, the RAS Reaeration Basin was configured with diffused air configured in two zones in 

series with each zone having two grids.  

The modeling was used to estimate actual oxygen requirements (AOR) at the projected 90 MGD design 
conditions as well as at current average day and minimum day loads for winter conditions only to 
determine the range in conditions that the new fine-bubble diffused air system and the existing 
blowers should operate. Tables 2-7, 2-8, and 2-9 summarize the estimated AORs from the modeling 

at summer and winter conditions, respectively. These tables indicate the following: 

� Summer conditions will require more oxygen than in winter conditions in the solids contact 

process; and, 

� Conversion to plastic media will decrease oxygen requirements in the solids contact process. 

In order to accommodate either trickling filter media option, the design oxygen requirements for the 
aeration system shall be based on the maximum airflow during summer conditions utilizing the 
existing wood media trickling filters and the minimum air flow during winter conditions utilizing the 
upgrade of all six trickling filters to plastic media. Based on the results of the modeling, an air flow 
split of 31-, 23-, 23-, and 23-percent was used for the four zones in series in the Contact Basins while a 
50-percent split was used for two zone configuration (25-percent split for each grid) for the RAS 
Reaeration Basins. Table 2-10 summarizes the minimum and maximum AORs for each zone (as a 
total) and per process train utilizing the existing 7-two pass Contact Basins and three new one-pass 
RAS Reaeration Basins process trains. The hybrid media option is not included in Table 2-8 since the 

air demand falls between the all wood media alternative and the all plastic media alternative. 

The April 22, 2016 technical memorandum “Process Air System Evaluation Feasibility Study for the 
T.E. Maxson WWTF”, included in Appendix E, discussed various diffuser technologies including fine 
and ultra-fine diffusers. The memorandum included recommendations to proceed with 9-inch disc 
fine-bubble membranes as part of the upgrades for the following reasons: 

� The EDI and Sanitaire Silver Series 9-inch membrane diffusers have been much more widely 
used diffusers than the ultra-fine diffusers; 

� There is not information at this time to suggest that the EPDM material that is standard for the 
9-inch fine-bubble membrane diffusers would be expected to foul at a significantly higher rate. 
EPDM had not been tested at the Maxson WWTF at the time of this TM; 

� The EDI and Sanitaire Silver Series options provide much higher AT/AD which allows easier 
access and maintenance;  

� The Aerostrip and Sanitaire Gold ultra-fine systems require bumping and would require a more 
sophisticated control system with a multitude of modulating valves to control bumping cycles to 
diffuser grids; and 

� The Sanitaire fine-bubble diffusers units also come at a $4,000,000 cheaper capital than an 
optimized ultra-fine diffuser system for a similar return on 20-year lifecycle costs.  
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Table 2-7 AOR During Summer Conditions at Design Loadings 

Parameter Unit 

90 MGD AD  90 MGD ADMM 90 MGD MD 

Wood 
Media 

Hybrid 
Media 

Plastic 
Media 

Wood 
Media 

Hybrid 
Media 

Plastic 
Media 

Wood 
Media 

Hybrid 
Media 

Plastic 
Media 

Solids Retention Time days 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 0.8 

AOR, Contact lb O2/day 149,000 138,000 135,000 175,000 165,000 161,000 210,000 199,000 193,000 

AOR, RAS Reaeration lb O2/day 67,000 66,000 65,000 80,000 78,000 77,000 89,000 87,000 85,000 

Total AOR lb O2/day 216,000 204,000 200,000 255,000 243,000 238,000 299,000 286,000 278,000 

 

 

Table 2-8 AOR During Winter Conditions at Current Loadings 

Parameter Unit 

67 MGD Min Load 67 MGD AD 

Wood 
Media 

Hybrid 
Media 

Plastic 
Media 

Wood 
Media 

Hybrid 
Media 

Plastic 
Media 

Solids Retention Time days 1.2 1.2 1.2 1.2 1.2 1.2 

AOR, Contact lb O2/day 68,000 58,000 53,000 108,000 95,000 88,000 

AOR, RAS Reaeration lb O2/day 23,000 22,000 22,000 38,000 37,000 37,000 

Total AOR lb O2/day 91,000 80,000 77,000 146,000 132,000 125,000 

 

Table 2-9 AOR During Winter Conditions at Design Loadings 

Parameter Unit 

90 MGD AD  90 MGD ADMM 90 MGD MD 

Wood 
Media 

Hybrid 
Media 

Plastic 
Media 

Wood 
Media 

Hybrid 
Media 

Plastic 
Media 

Wood 
Media 

Hybrid 
Media 

Plastic 
Media 

Solids Retention Time days 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 

AOR, Contact lb O2/day 122,000 112,000 104,000 150,000 137,000 132,000 161,000 145,000 138,000 

AOR, RAS Reaeration lb O2/day 54,000 53,000 51,000 67,000 66,000 65,000 73,000 71,000 70,000 

Total AOR lb O2/day 176,000 165,000 155,000 217,000 203,000 197,000 234,000 216,000 208,000 
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Table 2-10 Design Minimum and Maximum AOR for Aeration System 

Parameter Unit 
Design Condition, Total 

Design Condition,  

Per Train1 

Minimum Maximum Minimum Maximum 

Governing Condition --- 
67 MGD Min  
Load Winter 
Plastic Media 

90 MGD MD 
Summer Wood 

Media 

67 MGD Low 
Load Winter 
Plastic Media 

90 MGD MD 
Summer Wood 

Media 

Contact, Zone 1 lb O2/day 15,400 65,100 1,100 4,650 

Contact, Zone 2 lb O2/day 12,800 48,300 910 3,450 

Contact, Zone 3 lb O2/day 12,400 48,300 890 3,450 

Contact, Zone 4 lb O2/day 12,400 48,300 890 3,450 

Contact, Total lb O2/day 53,000 210,000 3,790 15,000 

RAS Reaeration, Zone 1 lb O2/day 11,000 44,500 6,000 14,830 

RAS Reaeration, Zone 2 lb O2/day 11,000 45,500 5,500 14,830 

RAS Reaeration, Total lb O2/day 22,000 89,000 11,500 29,660 

1 Contact Basins assume 14 two-pass aeration basins. RAS Reaeration Basin assumes 3 one-pass reaeration basins. 

 

The second bullet above noted that there was not sufficient information to suggest that EPDM material 
standard for 9-inch membrane diffusers would foul at a higher rate (due to possibility of high soybean 
oil content) and that EPDM had not been tested at the Maxson WWTF. Due to the amount of diffusers 
recommended for this project, both Sanitaire and EDI provided in-situ piloting of their standard EPDM 
diffusers as well as additional diffusers made either of different materials or specifically designed 
EPDM designs. Sanitaire’s in-situ piloting started in July 2016 and ended in March 2017. EDI’s in-situ 
piloting started roughly the same time and operated through April 2017. 

Both vendors have stated that the wastewater at the T.E. Maxson WWTF is not unique enough to 
require special formulations of membrane materials and recommended their standard EPDM 
material.   Therefore, we have continued to use the 9-inch EPDM disk membranes as the basis of 
design.  Appendix D provides the detailed pilot report provided by Sanitaire and EDI. Table 2-11 
provides the design criteria in addition to the field transfer rates provided in Table 2-8. 

Table 2-11 Aeration System Design Criteria 

Parameter Unit Contact Basin RAS Reaeration Basin 

Alpha --- 0.35 0.35 

Beta --- 0.95 0.95 

Dissolved oxygen concentration mg/L 2.0 2.0 

Temperature (min/max) degrees C 14/33 14/33 

Sidewater depth ft 13.75 13.75 

Diffuser submergence ft 13.00 13.00 

Site elevation ft MSL 230 230 
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The values in Tables 2-8 and 2-9 were used to provide diffused aeration system parameters for the 
solids contact process. Table 2-12 provides a high-level summary of range of air flow requirements 

for the solids contact process depending on the media upstream in the trickling filters.    

Table 2-12 Aeration System Requirements Summary 

Parameter Unit Contact Basin RAS Reaeration Basin Total 

Minimum SOR required1 lb O2/d 200,700 83,400 284,100 

Minimum air flow required1 scfm 25,600 10,700 36,300 

Maximum SOR required2 lb O2/d 792,000 340,000 1,132,000 

Maximum air flow required2 scfm 120,600 52,000 172,600 

1 Design condition is 67 MGD, minimum loading with plastic media. 
2 Design condition is 90 MGD, maximum day load with wood media. 

 

Table 2-13 summarizes the detailed design criteria for the fine-bubble diffused aeration system for 

the solids contact process. 

Table 2-13 Fine-Bubble Diffused Aeration System Detailed Design Criteria 

Parameter Unit 
Design Condition, Total 

Average Design Condition, 

 Per Train1 

Minimum Maximum Minimum Maximum 

Governing Condition --- 
67 MGD Low 
Load Winter 
Plastic Media 

90 MGD MD 
Summer Wood 

Media 

67 MGD Low 
Load Winter 
Plastic Media 

90 MGD MD 
Summer Wood 

Media 

Contact, Diffuser Zone 1 – Two Grids per Zone 

AOR lb O2/d 16,400 65,100 1,174 4,650 

SOR lb O2/d 62,200 245,700 4,445 17,448 

Air flow scfm 7,900 37,200 564 2,659 

Number of diffusers -- 13,664 976 

Avg air flow/diffuser scfm/diffuser 0.58 2.72 0.58 2.72 

Pressure at dropleg psig --- --- 6.06 6.70 

Dropleg diameter inches --- --- 6 

Contact, Diffuser Zone 2 – Two Grids Per Zone 

AOR lb O2/d 12,200 48,300 871 3,450 

SOR lb O2/d 46,800 182,300 3,340 13,000 

Air flow scfm 5,900 27,900 421 1,990 

Number of diffusers -- 10,528 752 

Air flow/diffuser scfm/diffuser 0.56 2.65 0.56 2.65 

Pressure at dropleg psig --- --- 6.06 6.65 

Dropleg diameter inches --- --- 6 
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Table 2-13 Fine-Bubble Diffused Aeration System Detailed Design Criteria, continued 

Parameter Unit 
Design Condition, Total Design Condition, Per Train1 

Minimum Maximum Minimum Maximum 

Contact, Diffuser Zone 3 – Two Grids Per Zone 

AOR lb O2/d 12,200 48,300 871 3,450 

SOR lb O2/d 46,800 182,300 3,340 13,000 

Air flow scfm 5,900 27,900 421 1,990 

Number of diffusers -- 10,528 752 

Air flow/diffuser scfm/diffuser 0.56 2.64 0.56 2.64 

Pressure at dropleg psig --- --- 6.06 6.63 

Dropleg diameter inches --- --- 6 

Contact, Diffuser Zone 4 – Two Grids Per Zone 

AOR lb O2/d 12,200 48,300 871 3,450 

SOR lb O2/d 46,800 182,300 3,340 13,000 

Air flow scfm 5,900 27,900 421 1,990 

Number of diffusers -- 10,528 752 

Air flow/diffuser scfm/diffuser 0.56 2.64 0.56 2.64 

Pressure at dropleg psig --- --- 6.06 6.63 

Dropleg diameter inches --- --- 6 

RAS Reaeration, Zone 1 – Two Grids Per Zone 

AOR lb O2/d 11,000 45,000 3,670 15,000 

SOR lb O2/d 41,700 170,000 13,900 56,700 

Air flow scfm 5,350 26,200 1,780 8,730 

Number of diffusers -- 9,072 3,024 

Air flow/diffuser scfm/diffuser 0.59 2.89 0.59 2.89 

Pressure at dropleg psig --- --- 5.93 6.69 

Dropleg diameter inches --- --- 10 

RAS Reaeration, Zone 2 – Two Grids Per Zone 

AOR lb O2/d 11,000 45,000 3,670 15,000 

SOR lb O2/d 41,700 170,000 13,900 56,700 

Air flow scfm 5,350 26,200 1,780 8,730 

Number of diffusers -- 9,072 3,024 

Air flow/diffuser scfm/diffuser 0.59 2.89 0.59 2.89 

Pressure at dropleg psig --- --- 5.93 6.69 

Dropleg diameter inches --- --- 10 

1 Existing aeration basins have fourteen-two pass trains. Proposed RAS Reaeration Basin have three one-pass trains. 
2 First AT/AD is for Basins 1-10; Second AT/AD is for Basins 11-14. 
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Membrane diffusers typically require replacement ranging from seven to ten years. In addition, 
membrane diffusers are recommended to be cleaned routinely in order to extend life and 
minimize pressure drop across the diffuser. Based on the capital investment of the diffusers for 
this project, one vendor (Sanitaire) has recommended an in-situ hydrochloric acid cleaning 
system that would involve pumping 15-percent solution of the acid into the grid piping network 
be installed.  

The hydrochloric acid cleaning system can be done in-situ.  Acid is dosed into the grids while the 
system is operational. The heat from the compressed air evaporates the acid, causing fume to be 
carried through the diffuser over a period of several days to a week and liquefy removing any 
chemical scale from the system.  

Hydrochloric acid is available for bulk purchase in 30 to 34-percent trade strength.   The acid 
would need to be diluted to 15-percent at the plant in the 90-gallon cleaning system that the 
vendor would provide.   It is estimated that a total volume of approximately 1,700 gallons of 30-
percent acid solution, or 3,400 gallons of diluted 15-percent solution, would be needed to clean 
all the grids in the Contact and RAS Reaeration Basins.   This would require a total of 38 batches 
of 15-percent solution to be made.   The vendor has indicated that 8 to 12 batches per day could 
be introduced to the diffuser system meaning that a complete cleaning could be done over one 
week. The material cost for this system is estimated at around $50,000.  

2.1.2.1 Existing Air Piping Modifications 

The air piping to the existing aeration basins will remain in-place except for dropleg piping that 
will provide air to the floor of the existing aeration basins. The dropleg piping will be stainless 
steel. The existing butterfly valves will be replaced based on feedback from plant operations staff 
that all the existing dropleg valves do not work.  

Visual inspection of the piping indicates that leaks have developed over the years. It is 
recommended that the leaks be fixed as part of Package 2A. New piping, which will be part of 
Package 2B, will be installed to convey air to the new RAS Reaeration Basins. This piping will be 
discussed in the Package 2B PER. 

2.1.2.2 Revised Blower Operating Conditions 

The Maxson WWTF is served by six 1,500 horsepower single stage centrifugal blowers 
manufactured by Roots. These units have been in service for approximately 30 years. There are 
some improvements that have been designed to the blowers that the City will be performing in 
the next several years. Figure 2-3 shows a copy of the existing blower curve. 

The blower was originally designed at an airflow of 40,000 cubic feet per minute (cfm) for 
summer conditions of 100 degrees Fahrenheit at a discharge pressure of 7.5 psig. This results in 
an air flow at standard conditions of approximately 35,500 scfm. The blower appears to be able to 
be operated up to 8.6 to 8.7 psig at reduced air flows prior to reaching unstable (surging) 
conditions. Air from the blowers discharges through two separate air mains that run through a 
pipe gallery. There are two interconnections between the air headers that remain permanently 
open to balance the air flow and pressure in the system.  
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Figure 2-3 Existing Single Stage Blower Curve 

 

The pneumatic characteristics of the air distribution system for the existing Contact Basins and 
the proposed new piping to the RAS Reaeration Basin were evaluated. Utilizing the predicted 
maximum day air flows required at the 90 MGD design capacity from Table 2-11 along with the 
expected pressure at the diffuser dropleg connection which was provided by Sanitaire. Table 2-

14 summarizes the expected discharge pressures at maximum day air flows. 

Table 2-14 Blower Operating Point Determination at Maximum Day Conditions 

Parameter Unit 
Reactor 

Contact RAS Reaeration 

Air flow scfm 120,600 52,000 

Pressure at dropleg psig 6.68 6.69 

Pressure drop in air main psig 0.74 0.57 

Diffuser fouling allowance psig 0.20 0.20 

New throttling control valves psig --- 0.20 

Discharge pressure (without/with control valve) psig 7.62/7.62 7.48/7.68 

Governing pressure zone  X  
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As noted in Table 2-12 the existing Contact Basins would have a higher pressure than the RAS 
Reaeration Basin without the proposed throttling control valves that will be provided in Package 2B.   

The valves will be needed balance the pressure between the Contact and RAS Reaeration Basins. 

A pneumatic system curve was developed utilizing pressure requirements at varying flows (provided 
by Sanitaire) coupled with pneumatic calculations of the existing air distribution system as well as the 
proposed air piping to the RAS Reaeration Basin (provided in Package 2B) for one, two, five and six 
blowers in service. This was done to identify the variability in blower operating conditions at the 

calculated maximum and minimum air flow rates. Figure 2-4 shows the blower and system curve. 

 

Figure 2-4 Blower and System Curve for Proposed Diffused Aeration and Air  
Conveyance System 

 

It appears that one blower, operating at some degree of turndown, will be required at minimum air 
flow conditions of 38,000 scfm. The system curve indicates that five to six blowers operating at their 
original design curve would be needed to operate at the 172,000 scfm maximum day air requirement 
in the 90 MGD design year if wood media is kept in the trickling filters and a dissolved oxygen of 2 

mg/L is maintained.   This may leave the facility without a redundant blower at these conditions.  

Erosion of dissolved oxygen between 1 and 2 mg/L for a one-day peak load would certainly allow for 
five blower operation and would alleviate concerns of not having a redundant blower. Conversion of 
the trickling filters to the hybrid media option would also alleviate this condition and would decrease 
air requirements to where five blowers would be adequate while still maintaining a 2 mg/L dissolved 

oxygen concentration. Therefore at this time we are not recommending an additional blower.  
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2.1.3 Final Clarifier Process Design 

The results of the BioWin modeling provided mixed liquor suspended solids at each design condition. 
Winter conditions will govern the design MLSS due to the increased SRT utilized to remove soluble 
BOD5. The predicted MLSS concentration in the Contact Basins for the wood media and hybrid media 
option at these conditions only vary by two percent and indicate that the design MLSS concentration 
at this condition is 2,400 mg/L. Therefore, the secondary clarifiers are evaluated at 2,400 mg/L at a 
maximum day flow of 156 MGD. A maximum underflow from the secondary clarifier of 47 MGD was 
utilized to be consistent with the 2016 CDR noting hydraulic limitations at the intermediate pump 

station.  

The January, 2016 CDR evaluated the final clarifiers utilizing a state-point analysis assuming 10 
clarifiers were in service at a design sludge volume index (SVI) of 150 mL/g utilizing an underflow of 
47 MGD. The SVI was chosen at that time due to flocculation enhancement provided by the RAS 
Reaeration Basin along with a high percentage of soluble BOD5 removal in the plastic media trickling 

filters.  

The trickling filter will act as a bioselector due to its ability to remove readily available substrate in 
the primary effluent. The amount of substrate removed should impact the performance of the selector 
for sludge volume index (SVI) control. Historical data was evaluated to determine if SVI was affected 
the percentage of soluble BOD5 removed in the trickling filters under roughing mode. There was not a 

correlation found between these parameters.  

Information in the Water Environment Research Federation (WERF) “Develop and Demonstrate 

Fundamental Basis for Selectors to Improve Activated Sludge Settleability” noted that selector design 
should remove 80-percent of the biodegradable chemical oxygen demand (COD). A well performing 
selector should consistently provide SVIs of 120 mL/g or lower. Review of the trickling filter 
performance data from analyses performed indicated that 80-percent of the readily biodegradable 
COD is removed with the hybrid option and 60- to 70-percent of the readily biodegradable COD is 
removed keeping the existing wood media in service. This would infer that conversion to the hybrid 
media option would meet the selector design criteria and that keeping the existing wood media in 

service would fall 10- to 20-percent short of meeting the selector criteria in the WERF manual. 

It is believed that SVI control will be further enhanced by the employment of the RAS reaeration basin. 
Jenkins and Orhon (1972) stated that contact stabilization systems produce a sludge that settles better 
than conventional systems noting that this is due to enhanced flocculation of the biomass due to 
bacterial polymers. Data presented in their paper indicated SVIs of 100 to 150 mL/g at substrate 
removal rates between 0.4 and 1.0 g COD removed/g VSS per day. Results of the BioWin modeling 
indicate that the substrate removal rates at maximum month conditions fall between 0.4 and 0.5 g 
COD removed/g VSS per day.  

 A design SVI of 150 mL/g is utilized for this evaluation given the trickling filter’s ability to remove a 
significant amount of sCOD coupled with the correlation from the Jenkins and Orhon paper correlating 
SVI and substrate removal for contact stabilization processes. Figure 2-5 shows the state point 
analysis at a maximum day flow of 156 MGD, a SVI of 150 mL/g and an underflow of 47 MGD with 10 

clarifiers in service.  

The state-point evaluation also uses a 30-percent safety factor on solids loading rate. The analysis 

indicates that the final clarifier system should be adequate at these conditions.  
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Figure 2-5 State Point Analysis With 10 Clarifiers in Service At Max Day Flow at 150 mL/g SVI and 1.3 

Safety Factor 

 

2.1.3.1  Structural 

Based on the available as-built record drawings for the aeration basins, the existing reinforced 
concrete mat foundation is roughly 11-in. thick at its low point. It is anticipated that the new diffuser 
supports will be anchored to the existing concrete using a drill and epoxy adhesive anchor system. The 
diffuser manufacturer should space the supports such that the embedment of the epoxy adhesive 

anchors is limited to 6-in. maximum. 

2.1.3.2 Electrical  

There are no electrical improvements anticipated to be associated with the fine-bubble diffused air 

conversion. 

2.1.3.3 Instrumentation and Controls 

There are no instrumentation and controls improvements anticipated to be associated with the fine-

bubble diffused air conversion. Existing instruments systems, such as dissolved oxygen, will be reused. 

2.2 Construction Sequencing and Constraints for Fine-Bubble 
Diffuser Conversion 
The fine-bubble diffuser conversion will be done by isolating mixed liquor flow to each aeration basin. 
Butterfly valves at the air droplegs will be closed allowing for isolation of the air system. Demolition 
can occur after these two items occur without the need for an outage. It is anticipated that two two-
pass aeration basins can be taken out of service at a time without impacting plant operations. See 

Section 9 for the overall project schedule.  
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Section 3  

Final Clarifier 5N/5S Demolition and Replacement 

When the Maxson WWTF’s eight 135-foot-diameter final clarifiers were constructed in 1971, they 

were initially outfitted with suction pipe sludge removal mechanisms and steel inboard effluent 

launders. In 1982, the sludge suction pipes were removed, and the clarifier arms were converted to 

conventional scraper arms. A central return sludge hopper was also cast into the bottom of each tank 

to facilitate sludge removal. In 1985, the clarifiers’ steel effluent launders were replaced with cast-in-

place, peripheral concrete launders, and their scum skimmers and troughs were replaced. Finally, as 

part of a 1991 primary and secondary clarifier optimization project, each final clarifier mechanism 

was upgraded with a larger flocculating feedwell, an energy dissipating inlet (EDI), and spiral 

scrapers.  

Also constructed in 1971 were two circular Chlorine Contact Tanks, located to the west of the eight 

final clarifiers (5-N and 5-S). These 120-foot-diameter tanks were both equipped with conventional 

sludge scraper mechanisms, scum skimmers, and steel inboard effluent launders. In 1996, the clarifier 

mechanisms and scum baffles were removed, and the steel effluent launders were replaced with cast-

in-place, peripheral concrete launders. These tanks currently serve as wet wells for the Effluent Pump 

Station, but they are rarely used.  

The Conceptual Design Report (CDR) recommended the construction of two additional 135-foot-

diameter final clarifiers to settle the mixed liquor. The existing Clarifiers 5-N and 5-S tanks, which are 

too small to meet the requirements for the proposed new clarifiers, will be demolished, and the new 

Clarifiers 5-N and 5-S will be built in their place. The new clarifiers’ sidewater depth and floor slope 

will match the existing clarifiers. 

This section further details the design basis for Clarifiers 5-N and 5-S and discusses construction 

sequencing and constraints. 30-percent drawings, the clarifier equipment specification, and 

equipment data sheets (EDS) are included in Appendices A, B, and C, respectively. 

3.1 Design Basis 
3.1.1 Process Mechanical 

Table 3-1 summarizes the design criteria for Final Clarifiers 5-N and 5-S. Process and 

Instrumentation Diagrams for these clarifiers are included in Appendix A. 

Table 3-1 Final Clarifier 5-N and 5-S Design Criteria 

Parameter Units Value 

Number of Clarifiers n/a Two 

Tank Type n/a Circular, cast-in-place concrete 

Tank Diameter ft 135 

Sidewater Depth ft 15 

Freeboard ft 2.7 

Bottom Slope in / in 1/4” / 12” 

Surface Area ft2 14,314 each, 28,628 total 
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Table 3-1 Final Clarifier 5-N and 5-S Design Criteria, continued 

 

The two proposed Final Clarifiers (5-N and 5-S), as well as all associated upstream and downstream 

piping and fittings were added to the hydraulic model. The model was then run at several flow 

conditions to understand the resulting flow split balance between the eight existing and two new Final 

Clarifiers. 

The existing Final Clarifier pipes will be repurposed to connect the Final Clarifiers 5-N and 5-S to the 

common culvert at the west end of the Aeration Tank pipe gallery.  Additional headlosses are incurred 

through the 36-inch butterfly valve (BFV) assemblies and piping that are unique to the existing 

influent pipes for Final Clarifiers 5-N and 5-S (see Figure 3-1, below). These assemblies are not 

present on the eight-existing final clarifier influent pipes. Therefore, the new Final Clarifier effluent 

weirs for 5-N and 5-S will need to be set at a lower elevation than the existing final clarifiers in order 

to compensate for the additional headlosses on these trains to achieve an approximately equal flow 

split between all ten final clarifiers.  

Due to differences in pipe lengths, fittings, and surveyed weir elevations, there is a slightly uneven 

flow split between the eight existing Final Clarifiers. For the purposes of design, the effluent weirs on 

Final Clarifiers (5-N and 5-S) were set at elevations that would provide 10-percent of flow to each 

clarifier at the maximum daily flow (MDF) of 156 mgd (15.6 mgd of plant flow to each final clarifier). 

By setting the weirs on Final Clarifiers 5-N and 5-S to receive one-tenth of flow each at MDF, it is 

expected that 5-N and 5-S will receive slightly more flow at the average daily flow (ADF) of 90 mgd 

(12.8-percent and 13.1-percent of flow, respectively), and slightly less flow at the peak hour flow 

(PHF) of 170 mgd (9.8-percent and 9.8-percent% of flow, respectively). A summary of existing and 

proposed effluent weir invert elevations and anticipated flow splits between the eight existing and 

two proposed final clarifiers is summarized in Table 3-2 below, for the range of design flows. RAS 

flow to each clarifier is the same proportion of the design plant flows. 

Parameter Units Value 

Tank Volume MG 2.1 each, 4.2 total 

Configuration n/a Center column supported, center feed, peripheral overflow 

Drive Type n/a Cast iron 

Mechanism Type n/a Spiral scraper blades 

Scum Skimmer n/a Peripheral, Z-shaped 

Design Sludge Volume Index (SVI) mL/g 150 

Design Mixed Liquor Suspended Solids mg/L 2,400 

Hydraulic Loading Rate 

Average Daily Flow gpd/ft2 629 

Maximum Daily Flow   

Peak Hourly Flow gpd/ft2 1,188 

Solids Loading Rate 

Average Daily Flow lb/d/ft2 19.2 

Maximum Daily Flow   

Peak Hourly Flow lb/d/ft2 30.4 

Effluent BOD5 Concentration mg/L 30 

Effluent TSS Concentration mg/L 30 
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Figure 3-1 Existing 36-inch BFV Assemblies on Influent  
Piping for Final Clarifiers 5-N and 5-S 

 

 

Table 3-2 Summary of Final Clarifier Effluent Weir Inverts and Expected Flow Split 

Clarifier Weir Invert Flow Split at ADF Flow Split at MDF Flow Split at PHF 

1-N 225.67’ 9.99 mgd (11.1%) 19.91 mgd (12.8%) 21.90 mgd (12.9%) 

2-N 225.63’ 7.44 mgd (8.3%) 13.77 mgd (8.8%) 15.00 mgd (8.8%) 

3-N 225.53’ 8.30 mgd (9.2%) 14.38 mgd (9.2%) 15.67 mgd (9.2%) 

4-N 225.64’ 7.77 mgd (8.6%) 14.34 mgd (9.2%) 15.73mgd (9.3%) 

5-N (New) 224.95’ 11.50 mgd (12.8%) 15.60 mgd (10%) 16.70 mgd (9.8%) 

1-S 225.64’ 9.98 mgd (11.1%) 19.47 mgd (12.5%) 21.32 mgd (12.5%) 

2-S 225.65’ 7.61 mgd (8.5%) 14.06 mgd (9%) 15.42 mgd (9.1%) 

3-S 225.64’ 7.63 mgd (8.5%) 14.09 mgd (9%) 15.45 mgd (9.1%) 

4-S 225.65’ 8.03 mgd (8.9%) 14.79 mgd (9.5%) 16.21 mgd (9.5%) 

5-S (New) 224.87’ 11.75 mgd (13.1%) 15.60 mgd (10%) 16.60 mgd (9.8%) 
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After the two Final Clarifiers 5-N and 5-S are brought online, there is potential to throttle the existing 

36-inch BFVs on the influent lines to finetune the desired flow split to the new units. 

Effluent from the eight existing Final Clarifiers will combine upstream of the Clarifier Effluent Junction 

Box that serves 5-N and 5-S. Effluent from Final Clarifiers 5-N and 5-S will join the flow path to the 

PAA contact tank constructed in Package 1.  

3.1.2 Civil/Site Work 

Final Clarifiers 5-N and 5-S are being built in the same location as the demolished clarifiers. Excess 

excavation will be required beyond the demolition of the existing tanks to accommodate the larger 

diameter clarifiers. Temporary shoring may be required to protect the adjacent perimeter road and 

existing utility lines during construction. 

Finished site grading will be similar to existing conditions. However, because of the hydraulic 

conditions of the effluent channel for the proposed design, the existing stormwater drain pipes that 

currently connect to the effluent channel between Final Clarifiers 5-N and 5-S will have to be removed. 

As a result, stormwater drainage for the area north of the effluent channel will have to be surface 

drainage until the stormwater reaches the south side of the effluent channel. A concrete swale will be 

built along the east side of the clarifier to accommodate street drainage northeast of Clarifier 5-N. The 

existing drain inlets in the street west of Clarifier 5-S will be relocated to just south of the effluent 

channel where new storm drain pipes will be installed to handle drainage. 

3.1.3 Structural 

The new Final Clarifiers 5-N and 5-S will be constructed of reinforced cast-in-place concrete. The top 

of the new clarifiers will be at grade. The structures will be designed with the use of a perimeter 

underdrain system to reduce the effects of buoyancy from groundwater. There are no protective 

coatings planned for the interior surfaces of the structure. 

3.1.4 Electrical 

The new clarifier drives will be fed from motor control centers MCC303N and MCC304E located in the 

Disinfection Electrical IPA Building. These motor control centers were installed under Package 1. A 

clarifier alarm panel will be provided locally at each clarifier rake drive to protect the system from 

high torque conditions. 

The area around the Final Clarifiers is an unclassified space since this process is preceded by primary 

clarification. The scum pit integral to each final clarifier is a Class I, Division 2, Group D hazardous 

area, extending out ten (10) feet around equipment and any open channel, per NFPA 820, Table 

6.2.2(a), Row 4(c). Conduit and wire going to the final clarifiers may be required to pass through this 

area. Any electrical equipment, conduit, wire, etc. will be installed in accordance with NEC Article 500 

and 501 if it is within or passes through the hazardous area envelope. 

3.1.5 Instrumentation and Controls 

Instrumentation and controls for Final Clarifiers 5-N and 5-S are described below: 

� Operators will control the RAS pumps to maintain a consistent sludge concentration in each 

clarifier.  

� The clarifier scum pits will be equipped with three level floats each, low, high, and high-high, to 

control the level of the pit by starting and stopping the respective scum pump.  
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� Clarifier alarm panels will be provided by the clarifier manufacturer as specified. Torque 

switches will be installed to stop clarifiers during a torque warning condition, which will be 

indicated with a pilot light and as an alarm in the Ovation DCS. Each panel will also have a high 

torque pilot light and a torque shutdown indicated with a pilot light and alarm in the DCS. The 

panel will also be equipped with a reset pushbutton to clear all interlocks after the high torque 

fault conditions have been cleared. Hand/Off/Remote switches will be installed at the Clarifier 

motors for local control and a pilot light to indicate locally and in the DCS that the Clarifier is 

running. 

3.2 Construction Sequencing and Constraints 
Improvements to the Maxson WWTF’s effluent piping and structures, part of Package 1, include 

preparations for the demolition of the wet wells and the construction of Final Clarifiers 5-N and 5-S. 

The existing Chlorine Contact Tank Distribution Box, a hydraulic choke point, will be demolished and 

replaced with a new Effluent Junction Box. In Package 2A, the effluent pipes from Final Clarifiers 5-N 

and 5-S will be connected to this box. As part of the hydraulic bypass arrangement of the Package 1 

construction process, the existing Clarifiers must remain in service as wet wells until hydraulic 

improvements are complete. Thus, this Package 2A final clarifier construction cannot start until 

Package 1 is completed. 
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Section 4  

Final Clarifier 5N/5S RAS and Scum Pumping 

Section 3 described the Final Clarifiers 5-N and 5-S. This section describes the design basis of the 

return activated sludge (RAS) and scum pumps that serve these clarifiers. 30-percent drawings, pump 

specifications, and equipment data sheets (EDS) can be found in Appendices A, B, and C, respectively. 

4.1 Design Basis 
The mixed liquor that settles to the bottom of Final Clarifiers 5-N and 5-S will be transported by the 

spiral scrapers to a central sludge hopper. The RAS pumps will draw sludge from this hopper and 

deliver it to the new RAS Reaeration Tank interim connections are described elsewhere in this section. 

The January 2016 CDR indicated that the minimum RAS flow needed at maximum day plant flows is 

47 MGD or 4.7 MGD per final clarifier (10 final clarifiers on-line). Plant staff indicate that current RAS 

pumping is approximately 30 MGD or 3.75 MGD per final clarifier (8 final clarifiers online). The target 

range for the new RAS pumps for Final Clarifiers 5-N and 5-S will be between 3 and 6 MGD.  

Final Clarifiers 5-N and 5-S will share a common RAS pump station consisting of three pumps (one 

duty pump per clarifier, plus a center “swing” spare pump) on a single concrete pad. The new RAS 

pump station will need a priming system, as the centerline of the RAS pumps will be 1 to 2 feet above 

the Clarifier discharge weir. The design team will evaluate two priming system alternatives; an 

automatic vacuum priming system and an automatic priming system that uses Effluent Water.  

The new RAS pumps will be designed to pump to the RAS Reaeration Tank; however, until the RAS 

Reaeration Tank is completed (as part of Package 2B), the new RAS pump station discharge main will 

be tied to the existing discharge mains from the existing RAS pump station. RAS from both the new 

and existing pump stations will then discharge to either the Biotower Pump Station (ABF Mode) or the 

102-inch main downstream of the Intermediate Pump Station (Normal Operation). Limitations for the 

RAS system during this interim condition are discussed in Section 4.2.  

Scum removed from the surface of Final Clarifiers 5-N and 5-S will fall into a rectangular concrete 

scum pit on the side of each clarifier tank. Each scum pit will have its own dedicated, double-disc scum 

pump, located on a concrete pad at grade next to its respective scum pit. The pumps will operate on 

either level control or on a timer, which will periodically pump the contents of the scum pit via a new 

6-inch scum pipe into the existing 42-inch WAS-HDPE pipe that runs along the north side of the plant 

site. A shelf spare scum pump will be provided so that plant staff may quickly replace a pump in the 

event that the installed pump requires service or repair. The scum piping and pumps are sized so that 

the scum pumps may operate individually or at the same time. 

The scum pit is a Class I, Division 2, Group D hazardous area, extending out ten (10) feet around 

equipment and any open channel, per NFPA 820, Table 6.2.2(a), Row 4(c). The level instruments in the 

scum pit must be rated for this area classification. Any pump motors, controls, instruments, electrical 

equipment, conduit, wire, etc., will be installed in accordance with NEC Article 500 and 501 if it is 

within the hazardous area envelope. 
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4.1.1 Process Mechanical 

Table 4-1 presents the design criteria for the RAS and scum pumps. Process and Instrumentation 

Diagrams for the RAS and scum pumps are included in Appendix A. 

Table 4-1 Final Clarifiers 5-N and 5-S RAS and Scum Pumping Design Criteria 

Parameter Units Value 

RAS Pumps 

Number of Pumps --- 
Three (one duty pump per clarifier, plus a center “swing” spare 

pump) 

Location --- Outdoors, pad mounted between the clarifiers 

Pump Type --- Horizontal, end suction, solids handling 

Pump Capacity gpm 4,200 min at full speed 

Pump Total Dynamic Head (TDH) ft 40 ft max 

Pump Horsepower hp 60 

Drive Type --- Variable speed 

Scum Pumps 

Number of Pumps --- 
Three (one duty pump per clarifier and one complete shelf share 

pump) 

Location --- Outdoors, pad mounted, adjacent to clarifier scum pit 

Pump Type --- Free floating, reciprocating double disc 

Pump Capacity gpm 150 

Pump TDH ft 35 

Pump Horsepower hp 7.5 

Drive Type n/a Constant speed 

 

Figure 4-1 shows the pump and system curve for the proposed RAS pumps with one pump in 

operation and the expected turndown with the variable frequency drives. Figure 4-2 shows the pump 

and system curve for the proposed RAS pumps with two pumps in operation and the expected 

turndown with the variable frequency drives. When either Clarifier 5N or 5S is out of service and only 

one RAS pump is in service for this pump station, it may be necessary to limit the pump to 90 percent 

speed. This condition will be verified based on the final pump selection at the 60 percent design 

milestone.  
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Figure 4-1 Final Clarifiers 5-N and 5-S RAS Pump Curve: Single Pump Operation 

 

 
Figure 4-2 Final Clarifiers 5-N and 5-S RAS Pump Curve: Dual Pump Operation  
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The hydraulics of the existing RAS pump station was evaluated to determine the capacity of the 

existing RAS pumps discharging to the new RAS Reaeration Tank to be completed in Package 2B. 

Table 4-2 summarizes the anticipated maximum pumping capacity of the existing RAS pumps 

assuming all throttling valves are open. 

Table 4-2 Summary of Expected Flows from Existing RAS Pump Station  

Number of Pumps Operating Units Value 

1 MGD 17 

2 MGD 31 

3 MGD 38 

4 MGD 45 

5 MGD 48 

6 MGD 51 

 

4.1.2 Civil/Site Work 

Site grading adjacent to Final Clarifiers 5-N and 5-S will be done to accommodate the RAS equipment 

pads. Much of the RAS yard piping and part of the scum piping will be installed where future site 

pavement will be constructed. Pipe depths will be based on future pavement elevations to 

accommodate the proposed pavement work to follow in future packages. 

4.1.3 Yard Piping 

18-inch ductile iron pipes (DIP) will connect the Final Clarifier 5-N and 5-S sludge withdrawal hoppers 

to the suction side of the RAS pumps. The RAS pumps will discharge to a common 24-inch manifold 

and force main leading to the RAS Reaeration Tank. Work will include approximately 225 linear feet of 

18-inch DIP and 1,000 linear feet of 24-inch DIP. 

Scum yard piping will initiate from the effluent of the scum pump of Final Clarifiers 5-N and 5-S and 

will continue to the existing 42-inch WAS-HDPE pipe on the north side of the plant. Work will include 

approximately 1,000 linear feet of 6-inch Porcelain Enamel-lined DIP. Non-potable water will be 

supplied to Final Clarifiers 5-N and 5-S co-located with the RAS and scum pumps. 

4.1.4 Structural 

The RAS pumps will be supported by a reinforced, cast-in-place concrete slab on grade with a 

thickened edge. The scum pumps will be supported by individual reinforced cast-in-place concrete 

slabs on grade. 

4.1.5 Electrical 

The scum pumps will be fed from motor control centers MCC303N and MCC304E located in the 

Disinfection Electrical IPA Building. The RAS Pumps will be powered and controlled from variable 

frequency drives (VFDs) which are also powered from these motor control centers (MCCs). The MCCs 

were installed under Package 1, and the VFDs are installed under Package 2A. 
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The RAS pump station is considered a sludge pumping station physically separated from any wet well 

and considered an unclassified space, per NFPA 820, Table 6.2.2(a), Row 9(b). The scum pumps are 

also physically separated from any wet well and would be considered an unclassified space, per NFPA 

820, Table 6.2.2(a), Row 6(c). However, since the scum pumps are within the classified envelope of the 

scum pit (See Section 3), they will require motors rated for Class I, Division 2, Group D locations. Any 

electrical equipment, conduit, wire, etc. will be installed in accordance with NEC Article 500 and 501 if 

it is within or passes through the hazardous scum pit envelope. 

4.1.6 Instrumentation and Controls 

Instrumentation and controls for RAS and scum pump stations are described below: 

� The scum pumps will be automatically controlled based on float switches monitoring level in 

the scum pit of each clarifier. A scum pump will start on high level float, and stop on low level 

float, plus a high-high level float will generate an alarm. In the event of a high float failure, the 

high-high level float will also be used to start the scum pump. A scum pump will shut down and 

alarm if a high discharge pressure switch is tripped.  

� A pulsation dampener will be installed on the suction and a liquid-filled pressure gauge and 

switch assembly mounted on a pulsation dampener will be installed on the discharge of each 

new pump.  

� A Scum Pump Control Panel, one for each pump and floats set, will contain local Hand/Off/Auto 

switches, status and alarm pilot lights for both scum pumps. Alarms will be relayed to the plant 

SCADA system. 

� An ABB magnetic flow meter utilizing the Calmaster calibration system will be installed on the 

common effluent RAS Pump Station pipe measuring the combined RAS flow to the RAS Aeration 

Basin.  

� RAS pumps will include high pressure switches, discharge check valve limit switches, and high 

motor temperature switches on the pumps for pump protection. In addition, a liquid-filled 

pressure gauge will be installed on the suction and discharge of each new pump. 

� RAS pumps will be controlled off a user entered flow set point (in MGD) for the effluent RAS 

pump station flow meter. RAS Pump No. 1 will be designated to Clarifier 5-S; RAS Pump No. 3 

will be designated to Clarifier 5-N; RAS Pump No. 2 is a manual standby that can serve either 

clarifier. The operator will start one or more RAS pumps after manual confirmation of the 

position of the isolation knife gate valves. The speed of all running pumps will adjust to meet 

the required flow rate set point.  

4.2 Construction Sequencing and Constraints 
The RAS and scum pumps will need to be operational to bring Final Clarifiers 5-N and 5-S on-line and 

into service. The interim pumping condition will require the new RAS pump discharge to be 

manifolded together with the existing RAS pumps to convey RAS to the head of the aeration basins. 

RAS will be able to be conveyed to both the Biotower (Trickling Filter) Pump Station (ABF Mode) or 

into the 102-inch main downstream of the Intermediate Pump Station (Normal Operation). This 

condition will affect both the new RAS pumps and the backpressure of the existing RAS pumps.  
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Table 4-3 summarizes the anticipated maximum pumping capacity of the existing RAS pump station 

assuming all throttling valves are open and the new RAS pump Station when conveying flow during 

the interim condition to the existing two discharge points.  

Table 4-3 Maximum RAS Pumping During Interim Condition 

Pump Station 
Normal Operation 

RAS Flow 
ABF Mode RAS Flow 

Existing RAS pump station 36.1 46 

New RAS pump station 10.4 11.9 

Total RAS Flow 46.5 57.9 

 

As stated in the January 2016 CDR, the quantity of RAS flow that the gravity hydraulics of the plant can 

handle is dependent upon the plant flow. Table 4-4 summarizes the maximum total RAS flow for 

average day, maximum day and peak hour flow for this interim condition based on RAS discharge 

point. 

Table 4-4 Maximum RAS Gravity Flow During Interim Condition 

Plant Flow 
Normal Operation RAS 

Flow (MGD) 
ABF Mode RAS Flow 

(MGD) 

ADF (90 MGD) 60 MGD (Max RAS Flow) 60 MGD (Max RAS Flow) 

MDF (156 MGD) 47 MGD (Design) 14 MGD (Max) 

PHF (170 MGD) 41.5 MGD (Max) 0 MGD (Max) 

 

Lastly, we do not recommend that only one of the new RAS pumps be operated by itself when sending 

RAS to the Biotower Pump Station (ABF Mode). We recommend always operating two pumps in the 

new pump station with additional pumps operating in the existing pump station during this interim 

condition to either discharge location.  
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Section 5  

Odor Control Improvements 

5.1 Design Basis 
The current design for the Maxson facility uses four dedicated biotrickling filter systems to treat four 

locations located throughout the plant that were targeted for odor control through a dispersion 

analysis. Appendix E includes a copy of the results of the dispersion analysis presented to the City on 

June 2, 2016. 

� Headworks: Location 1 

� Influent Junction Box: Location 2 

� Intermediate Pump Station: Location 3 

� Fine Screens: Location 4 

Air flow calculations for the Influent Junction Box were based on the amount of air that could 

potentially be dragged down the gravity influent pipe to the junction box and released at the junction 

box. Calculations for the Headworks was based on 12 air changes per hour (ACH) to accommodate the 

National Fire Protection Code (NFPA 820-16). 12 ACH declassifies the coarse screening building space 

from Class 1 Division 1 to Class 1 Division 2 with requirements for: 

� Balancing the exhaust airflow with supply air from the HVAC system 

� Combustible gas detector (CGD) 

� Duct smoke detector 

� Alternative power supply 

� Low fan pressure alarm 

The Fine Screen and Intermediate Pump Station channels and the wet wells were calculated as 12 ACH 

and cross-checked with an analysis of the potential leakage through unsealed cracks. The ventilation 

calculations for the Primary Settling Tank weirs was based on a 150-cubic foot per minute (cfm) 

sweep velocity through the launders.   H2S data was collected during March 2016 sampling session. 

Table 5-1 outlines the design criteria for each location and whether there are code considerations. 

The odor control system design for each of the locations uses a biotrickling filter designed for the 

specific airflow and H2S loading rate.  
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Table 5-1 Odor Control Design Criteria 

Location Airflow (cfm) 
H2S levels 

(ppm) 

Code 

Considerations 

Headworks 21,500 150/500 NFPA 820 

Influent Junction Box 7,000 150/500 NA 

Primary Clarifiers 3 and 4 and Intermediate Pump Station  11,000 250/700 NA 

Primary Clarifiers1 and 2 and Fine Screens 7,600 250/700 NA 

 

5.1.1 Process Mechanical 

Biotrickling filters are advanced versions of the biofilters that currently operating at the Maxson 

Facility. Biotrickling filters operate as countercurrent scrubbers with air moving upward across a 

plastic media bed while water is sprayed over the top. A biofilm develops on the media that facilitates 

the movement of contaminants in the airstream into the biofilm. Bacteria in the biofilm degrade the 

contaminants for energy and in doing so the odorous compounds are removed from the airstream. 

Performance is a function of the residence time in the biotrickling filter as well as the face velocity 

across the media bed. High loading rates in terms of gms H2S/hr, require more residence time and a 

lower face velocity.  

Each biotrickling filter requires a fan to move air from the odor source to the scrubber, an irrigation 

system to transfer water over the media bed, and a nutrient source to add to the irrigation fluid. 

Redundant (duty/standby) fans are provided for Location 1 in order assure continuous ventilation to 

declassify that space. Table 5-2 below outlines the design for each location using Bioair Solutions as 

basis of design. 

Table 5-2 Biotrickling Filter Design 

 

Headworks 
Influent Junction 

Station 

Primary Clarifiers 3 

and 4 and 

Intermediate 

Pump Station 

Primary Clarifiers 1 

and 2 and Fine 

Screens 

Number of Vessels 2 1 1 1 

Vessel Diameter (ft) 12 10 13 12 

Vessel Height (ft) 27 23 27 27 

Vessel Weight (lbs) 49,100 32,400 78,500 78,500 

Residence Time (sec) 10 10 10 12 

Redundant Fans Yes No No No 

 

5.1.2 Civil/Site Work/Structural 

Each system will be located on a concrete pad that supports the vessel, fan(s), electrical control panel, 

and water control panel. Table 5-3 includes dimensions for the pad for each location. 

Table 5-3 Odor Control Pad Dimensions 

 

Headworks 
Influent Junction 

Box 

Primary Clarifiers 3 

and 4 and 

Intermediate 

Pump Station 

Primary Clarifiers 1 

and 2 and Fine 

Screens 

Pad Size (L X W) 44 ft. X 44 ft. 32 ft. X 22 ft. 34 ft. X 22 ft. 34 ft. X 22 ft. 
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Ductwork will be installed above ground with a minimum of eight feet clearance and 18 feet. over 

roadways to convey air from each odor source to the designated odor control system.  The layout will 

be coordinated with existing underground ground piping with supports designed to accommodate 

local wind loading and the weight of the duct itself. 

5.1.3 Yard Piping 

Plant effluent water will need to be provided to the biotrickling filters for irrigation and drainage will 

be provided away from each location. Water requirements for each location are indicated in Table 5-4.  

Table 5-4 Water Use 

 Headworks 
Influent Junction 

Box 

Primary Clarifiers 3 

and 4 and 

Intermediate Pump 

Station 

Primary Clarifiers 

1 and 2 and Fine 

Screens 

Irrigation water 120 gpm 47 gpm 80 gpm 62 gpm 

Intermittent YES YES YES YES 

Water Use 61,514 gpd 20,028 gpd 52,454 gpd 36,421 gpd 

 

5.1.4 Electrical 

The odor control systems will be fed from two different power sources. The Headworks, Influent 

Junction Box, and Fine Screens odor control systems will be powered from existing transformer PC-

14N and panelboard DP-6. This equipment is located outdoors adjacent to the existing odor control 

system. Panelboard DP-6 will replace the existing panelboard that is currently in place. The 

Intermediate Pump Station odor control system will be fed from existing panelboard DP-5 located in 

the Electrical Building north of the Intermediate Pump Station. 

The area around the odor control fans, dampers, ductwork, vessels, and other leakage sources is a 

Class I, Division 2, Group D hazardous area, extending (3) feet around the equipment, per NFPA 820, 

Table 4.2.2, Rows 20 (d) and (e). Any electrical equipment, conduit, wire, etc. will be installed in 

accordance with NEC Article 500 and 501 if it is within or passes through the hazardous area 

envelope. 

Electrical loads for the fans and pumps are summarized in Table 5-5.  

Table 5-5 Electrical Requirements 

 

Headworks 
Influent Junction 

Box 

Primary Clarifiers 3 

and 4 and 

Intermediate Pump 

Station 

Primary Clarifiers 1 

and 2 and Fine 

Screens  

Fan HP (BHP/HP) (2 fans) 35.75/40 11.82/15 19.1/25 12.69/15 

Nutrient Pump (HP) 0.5 0.5 0.5 0.5 

Motorized Dampers (HP) Yes No Yes No 

Heat Trace No No No No 
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5.1.5 Instrumentation and Control 

The biotrickling filters require oversight but only minor operations and maintenance requirements. 

The equipment is provided and controlled completely from the vendor-supplied control panel; SCADA 

interface shall be monitoring only. The Headworks Odor Control (Location 1) located at the coarse 

screening and grit tanks will be monitored for combustible gas detection, isolation damper position 

and duct smoke sensor since the building is being declassified. The Odor Control Systems will include 

fans, water recirculation pumps, and miscellaneous safety features that will be controlled, displayed, 

and monitored from the vendor-supplied local control panels. Each control panel will include an 

Ethernet-capable PLC and fiber optic cable connectivity for monitoring in the plant SCADA system. 

Pump running, pump fail, and other various statuses will be available for remote monitoring. Table 5-

6 shows signals to be remotely monitored from each location. The Intermediate Pump Station Odor 

Control Panel will not be monitored in the Ovation DCS Network until the New Electrical building is 

built in a future package.  

Table 5-6 Instrumentation and Control 

 

Headworks 
Influent Junction 

Box 

Primary Clarifiers 3 

and 4 and 

Intermediate Pump 

Station 

Primary Clarifiers 1 

and 2 and Fine 

Screens 

Fan Status Yes Yes Yes Yes 

Damper Position Yes No No No 

Duct Pressure Yes Yes Yes Yes 

Smoke in Duct Yes No No No 

Combustible Gas Yes No No No 

 

5.2 Construction Sequencing 
For safety reasons ventilation, must be maintained for each location. For Location 3 odor control 

system the power will be drawn from a new power source and therefore that system can be brought 

on line without affecting the existing biofilter system or existing ductwork.  

For Location 1, Location 2, and Location 4 coordination of the electrical supply is more complicated. 

These systems are proposed to draw power from the same power supply that feeds the existing odor 

control (biofilter) system. Therefore, odor control equipment for Location 1, 2 and 4 must be 

completely installed and ready for mechanical commissioning before shutting down the current odor 

control ventilation. In addition, the HVAC system for Location 1 must be complete and the power 

supply located at the existing odor control facility ready to switch over to the new equipment to 

provide ventilation to Locations 1, 2 and 4 without delay.  

Following the shut-down of the existing ventilation and biofilter system and the successful start-up 

and commissioning of the new odor control systems, existing underground ductwork will be 

abandoned in place. The biofilter media, air distribution system, concrete pad, and paving will be 

removed and the area graded and hydroseeded.  
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Section 6  

SCADA Upgrades 

This section summarizes the proposed modifications and improvements of the existing Supervisory 

Control and Data Acquisition (SCADA) system at the Maxson WWTF. 

6.1 Design Basis 
The design will be based around Emerson’s Ovation line of process controllers. There is an existing 

Ovation Controller with redundant processors located in the Administration Building. This controller 

monitors all the existing equipment and instrumentation and displays the data using the Ovation 

Graphics Package. All existing I/O is hardwired and terminated in a room located within the 

Administration Building. The Distributed Control Unit (DCU-1) provided by Emerson in Package 1 

contains additional spares to accommodate the instrumentation associated with the Return Activated 

Sludge (RAS) Pump Station and Final Clarifiers 5-N and 5-S. The Odor Control Systems will be 

specified for Ethernet and fiber optic compatibility to allow them to be monitored by the SCADA 

system via fiber optic communication. 

6.1.1 Communication Network 

Fiber optic cable for communication between controllers and back to SCADA will be used as the media 

for connection between control panels. Fiber optic communication is preferred due to its high 

bandwidth and inherent lightning protection. The standard fiber optic cable type is multimode 

62.5/150um (OM1). Modbus over Ethernet communication protocol will be used as the standard for 

all packages. The communication protocol used by the Ovation DCU controllers to the SCADA fiber 

optic network will be Modbus TCP. All I/O from the instruments, vendor control panels, VFDs, MCCs 

and other appurtenances will be hardwired to the DCUs as indicated in the drawings. There are 

several vendor-supplied panels specified to be using Allen Bradley MicroLogix 1400 series PLCs which 

communicate Modbus on top of Ethernet-TCP/IP. The existing Ovation controller is able to 

communicate using both protocols. Each new vendor-supplied panel will be furnished with an 

Ethernet switch with fiber optic ports, a fiber optic patch panel, and appropriate cables for connection 

to the network. Additional fiber optic media converters will be installed into the existing media 

converter rack in the Administration building for connection to the new panels.  

6.1.2  Control Panels 

The Emerson Ovation control panel designated DCU-1 will be located in the new Disinfection IPA 

Building near the new Disinfection Tank and Final Clarifier 5-N. A Phoenix Contact industrial PC 

workstation will be mounted to the front of the control panel to serve as a Human Machine Interface 

(HMI) connected to the Emerson Ovation SCADA Network. The operator will have the ability to 

monitor and control all the RAS Pump Station and Final Clarifiers 5-N and 5-S instrumentation and 

equipment as well as monitor any instrumentation located throughout the plant that is connected to 

the Ovation Network. Two Scum Pump control panels will be vendor supplied, one panel per pump 

and floats set, provided by the scum pump manufacturer. Final Clarifier 5-N and 5-S control panels 

will be vendor supplied, one per each clarifier, provided by the clarifier manufacturer. The MCCs 

powering the Final Clarifiers 5-N and 5-S were provided under Package 1.  
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The Odor Control Systems will be pre-packaged manufacturer-supplied units with stand-alone local 

control panels that will include Allen-Bradley MicroLogix 1400 series PLCs provided and programmed 

by the biotrickling filter vendor. The Odor Control Systems will be monitored, but not controlled, from 

the SCADA system via Ethernet over fiber optic cable run to the Administration Building. The control 

panels will meet NEMA 12 classification and will be constructed of 316 stainless steel and in 

accordance with UL508A standards. The Primary Clarifiers No 1& 2 and Intermediate Pump Station 

Odor Control panel will be locally monitored only, until the New Electrical Building is constructed in a 

future package with provisions for connecting to the Ovation Network.  
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Section 7  

Facility Hydraulic Improvements 

This section describes the design basis for the facility hydraulic improvements proposed to 

accommodate design flows downstream of the Intermediate Pumping Station (IPS). Thirty percent 

drawings can be found in Appendix A. 

7.1 Design Basis 
In the existing configuration of the WWTF, the Intermediate Pump Station (IPS) flows to a steep 

portion of the 102-inch main, which flows to the downstream Flow Control Structure, and on to the 

north and south Aeration Tank batteries and Final Clarifiers. The hydraulic analysis identified 

potential bottlenecks in the existing WWTF. It was determined that the configuration of the IPS 

effluent box is likely reducing the capacity of the existing 102-inch main leaving the box. The existing 

configuration impairs hydraulic capacity because the crown of 102-inch main is not submerged under 

most flow conditions, which results in significant turbulence in the effluent box. Therefore, changes 

are recommended at this structure. 

Hydraulic modifications are proposed to accommodate design flows through the new treatment units 

downstream of the IPS, including the following: 

� A new Flow Diversion Structure which will connect to the existing IPS effluent box to the 

existing 102-inch main at a lower elevation to avoid sending flow through the steeply ramped 

portion during normal plant operation. 

� A new section of 102-inch main with minimal slope will be installed to connect the new Flow 

Diversion Structure to the existing 102-inch main at a point located north of the steeply sloped 

portion.  

� The existing 102-inch main at the IPS’s effluent box will remain in place, isolated by a gate, 

which could be opened to bypass the new Flow Diversion Box, if necessary. 

7.1.1 Process Mechanical 

To mitigate the turbulent flow conditions that exist in the IPS effluent box, the proposed Flow 

Diversion Structure would be constructed adjacent to the north side of the IPS effluent box, on the 

downstream side of the IPS. This structure would be set 14 feet deeper than the Intermediate Pump 

Station to achieve maximum capacity of the 102-inch main.  As shown in Drawing IPS-M-1, the Flow 

Diversion Structure would include four openings (5-feet by 6-feet each) saw cut into the north side of 

the existing IPS effluent box wall. A new section of 102-inch main would be installed to connect the 

new Flow Diversion Structure with the existing 102-inch main. This new portion of 102-inch main 

would be installed at the bottom of the new structure, with an invert of approximately 214.00 feet, 

nearly 13 feet lower than where the existing 102-inch main leaves the IPS effluent box. This 

modification would eliminate the steeply ramped portion of pipe and ensure that the pipe’s crown 

remains submerged during all anticipated flow rates. The existing 102-inch main at the IPS’s effluent 

box will remain in place, isolated by a gate, which could be opened to bypass the new Flow Diversion 

Box, if necessary. The proposed hydraulic profile, which includes these modifications, is shown on 

Drawing GP-M-5. 
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In order to better assess the hydraulic capacity proposed Flow Diversion Structure at the IPS, CDM 

Smith has contracted with a hydraulics lab to build and test a physical hydraulic model of the 

proposed structure. Results from this physical model will be used to validate the proposed hydraulic 

design of this structure and make improvements where necessary. The physical modeling effort is 

discussed further in Section 8. 

7.1.2 Civil/Site Work 

Site grading will be modified as required to accommodate the new IPS Flow Diversion Structure. The 

existing storm drain system on site will be used to the greatest extent possible to accommodate 

surface drainage around the new structure.  Some elements of the existing storm drain system will 

need to be cleaned and/or repaired to restore adequate site drainage.  

7.1.3 Yard Piping 

The new portion of 102-inch reinforced concrete pipe will be installed at the deepest part of the new 

Flow Diversion Structure and will extend northward in a straight run until it intercepts the existing 

102-inch main. Some field inspection/adjustment will be required to accurately locate the existing 

main in the yard and coordinate the tie-in of the new pipe. A custom 102-inch by 102-inch wye fitting 

will be used to join the new 102-inch pipe to the existing main. The existing 102-inch main in the 

existing portion of the IPS effluent box will be abandoned.  

7.1.4 Structural 

The new flow diversion structure will consist of reinforced cast-in-place concrete walls and mat 

foundations. The new structure will tie into the existing IPS exterior wall using drilled and epoxied 

reinforcing steel dowels. A new expansion joint will isolate any differential settlement between the 

new and existing concrete structures. The existing exterior (16-inch thick) reinforced concrete wall of 

the IPS will be modified to include four new saw-cut openings, approximately 5-feet by 6-feet each. At 

the deepest part of the new structure (~28.29-feet deep), a new section of 102-inch reinforced 

concrete pipe will be attached through the wall using drilled and epoxied reinforcing steel dowels. The 

structure will be sized to counteract any buoyant forces caused by design ground water elevations, 

based on mass alone and without the use of a perimeter underdrain system or pressure relief valves. 

7.1.5 Electrical 

The construction of the new flow diversion structure requires the relocation of multiple exposed 

conduits routed along the north side of the IPS. These conduits contain the power wiring for the 

intermediate pumps and grease pumps, instrumentation/control wiring, lighting wiring, and 

receptacle wiring.  

New conduits will be routed from Electrical Building north of the IPS. This will allow for new power 

and control wiring to be connected to all the electrical equipment at the pump station. 

7.2 Construction Sequencing and Constraints 
From a constructability standpoint, the proposed Flow Diversion Structure could be built with the 

existing IPS and 102-inch main left in operation. However, plant flow would need to be sent through 

the existing plant bypass that connects the existing Headworks Structure to the Flow Control 

Structure during construction of the four openings between the existing IPS effluent box and the new 

Flow Diversion structures, as well as during installation and connection of the new 102-inch main 

section. 
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Section 8  

Hydraulic and Physical Modeling 

This section describes the development of the hydraulic model for the proposed improvements, as 

well as hydraulic implications associated with running the WWTF in ABF Mode, taking Primary 

Clarifier 4 out-of-service. The hydraulic capacity of 42-inch WAS-HDPE line to Lagoon 2A and 

proposed hydraulic profile are also discussed. 30-percent drawings, including the proposed IPS Flow 

Diversion Structure and can be found in Appendix A. 

8.1 Hydraulic Model Development 
8.1.1 Computer Hydraulic Model 

As described in the CDR and Package 1 PER, a calibrated hydraulic model was developed for two 

distinct profiles at the T.E. Maxson WWTF, separated by the hydraulic break at the IPS located 

downstream of the primary clarifiers. Downstream hydraulic control points were determined for each 

profile and all hydraulic losses were added one-by-one back to the upstream side of the profile while 

also incorporating intermediate hydraulic controls and devices. The comprehensive hydraulic model 

included a combination of calculations and the hydraulic modeling software, Visual Hydraulics 

(version 4.2). 

The model of the existing WWTF was calibrated using surface water elevations measured at flow 

conditions experienced during the field hydraulic testing calibration. Testing included taking specific 

tanks and process units off-line which allowed for collected data to reflect a simulated high flow 

conditions that are anticipated after the proposed improvements. The collected data provided more 

accurate estimates of roughness and minor loss coefficients for the calibration.   

The calibrated hydraulic model for the existing plant was modified to reflect the proposed 

modifications for Package 1 and 2A. Return Activated Sludge (RAS) was incorporated into the model 

upstream of the Final Clarifiers and downstream of the IPS.  

Hydraulics were evaluated for the following design flows and associated RAS flows: 

� Average Day Flow (ADF) = 90 mgd; RAS = 30 mgd 

� Max Day Flow (MDF) = 156 mgd; RAS = 47 mgd 

� Peak Hour Flow (PHF) = 170 mgd; RAS = 48 mgd 

� RAS flows were evaluated for several scenarios, including the normal operating condition when 

RAS is added to the flow stream in the 102-inch main upstream of the existing Flow Control 

Structure via the two existing 24-inch RAS pipes. The addition of RAS flow was also evaluated 

for the Activated Biofilter (ABF) Mode, when RAS is rerouted to the existing trickling filters and 

combines with plant flow upstream of the IPS.  

The following assumptions were made for this analysis: 

� Steady state flow conditions exist throughout the plant. 
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� Dimensions and flow paths in units were constructed as per the contract drawings (1970 

through 2011) and input from plant staff.   

� Elevations were adjusted per survey data. 

� The water surface elevation in the IPS influent wet well was assumed to be 215.64 ft, the level 

measured during the first round of field stress testing at the plant on July 8, 2015. It is 

understood that this level is variable and can be modified based on operating conditions at the 

pump station. 

The proposed hydraulic profile is included as Drawings GP-M-5 and GP-M-6.  

8.1.2 Physical Hydraulic Models 

In order to better assess the hydraulic capacity proposed Flow Diversion Structure at the IPS, CDM 

Smith has contracted a hydraulics lab to build and test a physical hydraulic model of the proposed 

structure. Limited physical modeling of this structure is needed to verify the elimination or 

minimization of three adverse hydraulic conditions which could limit the capacity of the 102-inch 

main between the IPS Flow Diversion Structure and the downstream Flow Control Structure. Physical 

modeling of the proposed structure will verify the following: 

� In the existing IPS effluent box, the discharge at the screw pumps is very turbulent and likely 

entrains a significant amount of air that can cause a hydraulic choke point in the 102-inch main. 

The physical model will look to make sure air is not making it into the 102-inch main for the 

proposed Flow Diversion Structure. 

� The physical model will verify that the redesigned Flow Diversion Structure will not cause 

surface vortexing activity or other adverse hydraulic conditions that could limit capacity. 

� The model will also confirm that overall headloss through the new Flow Diversion Structure is 

minimized. 

Results from this physical model will be used to validate that proposed design of this structure and 

make improvements where necessary.  

During the field stress testing, turbulent wave conditions were observed in the existing Flow Control 

Structure at the downstream end of the 102-inch main. These conditions made it difficult to fully 

calibrate the computer hydraulic model for this unit. Therefore, the hydraulics lab will also be 

developing a physical model for this structure. Results from this model will be used to gain a better 

understanding of the flow characteristics for this structure, and will give a better assessment if its 

hydraulic capacity for combined plant and RAS flows. 

8.2 Hydraulic Limitations Operating in ABF Mode (During 

Construction) 
During Activated Biofilter (ABF) Mode(current normal mode of operation), RAS flow is sent 

southward to the Biofilter Pump Station. During alternate operation,  the RAS flow joins the forward 

plant flow in the 102-inch main downstream of the IPS, upstream of the Flow Control Structure. Due to 

additional headlosses that are incurred by the combined flow through the effluent box during ABF 

mode, the IPS Flow Diversion Structure, and the downstream extent of the 102-inch main, RAS flows 

will need to be limited during peak flows conditions through the plant.   

EPA-HQ-2019-004783   001690



 Section 8  •  Hydraulic and Physical Modeling 

 8-3 
PW.EXT.36694.111641.03.02.Package 2A PER.Section 8 - Hydraulic and Physical Modeling.docx 

Based on available data input from plant staff, the existing screw pumps at the IPS are expected to 

have a maximum capacity of 170 mgd, equal to the design peak hour flow for the proposed 

improvements. Therefore, the amount of combined plant and RAS flow that can be conveyed through 

the IPS during ABF mode will be limited to this amount. The IPS’s conveyance of the ADF of 90 mgd, 

plus the additional design RAS flow of 60 mgd would have no anticipated hydraulic issues in ABF 

Mode. However, at the MDF of 156 mgd, the additional RAS flow that could be conveyed would be 

limited to approximately 14 mgd in ABF Mode. At the PHF of 170 mgd, additional RAS flows would not 

be possible in ABF Mode. See Table 8-1 below for a summary plant and RAS flows during ABF Mode. 

Table 8-1 Summary of Allowable Plant and RAS Flows during ABF Mode (RAS Flowing to Biotowers) 

Plant Flow PHF (170 mgd) MDF (156 mgd) ADF (90 mgd) 

RAS Flow 0 mgd 14 mgd 60 mgd (maximum design flow) 

 

8.3 Hydraulic Limitations Operating with Three Primary 

Clarifiers  
On certain occasions, Primary Clarifier 4 (PC 4) will be taken off-line to serve as a primary sludge 

thickener. During this condition, hydraulic loading to Primary Clarifiers 1 through 3 (PCs 1 through 3) 

will be increased to compensate for the reduced combined capacity of the three PCs. There are 

hydraulic limitations associated with this mode of operation, and the adjustable weirs in the Primary 

Clarifier Splitter Box will need to be manipulated to accommodate higher flows while also maintaining 

free discharge to the three in-service clarifiers.   

Based on the hydraulic model for the WWTF, the maximum allowable plant flow that can be conveyed 

through the three in-service clarifiers when PC 4 is taken out-of-service is approximately 145 mgd. At 

this flow, the PC Splitter Box weirs for PCs 1 through 3 will need to be raised to an elevation of 

approximately 227.50 ft to maintain around 3 inches of free discharge below the splitter weirs to each 

clarifier train. This free discharge is necessary to ensure an even flow split between the three in-

service clarifiers. Limiting the maximum flow to 145 mgd when PC 4 is out-of-service will ensure 

adequate hydraulic freeboard in the upstream structures when the splitter weirs are raised. If flows 

are above 145 mgd taking PC 4 out-of-service is not recommended because it would risk submerging 

the PC splitter weirs and/or compromising adequate freeboard in the upstream structures. 

Below, Table 8-2 summarizes operating conditions and resulting upstream hydraulic impacts to the 

most sensitive upstream structures for various flows when PC 4 is taken out-of-service. 

Table 8-2 Summary of Operating Conditions and Hydraulic Impacts When PC 4 is Out-of-Service  

Plant Flow 
145 mgd 

(max) 
140 mgd 120 mgd 90 mgd 60 mgd 

Minimum PC 1-3 Splitter 

Weir Elevation 
227.50 ft 227.35 ft 226.85 ft 226.20 ft 

225.96 ft (lowest 

possible setting) 

Minimum Free Discharge 

below PC Splitter Weirs 
0.26 ft (~3 in) 0.25 ft (~3in) 0.27 ft (~3in) 0.27 ft (~3in) 0.52 ft (~6 in) 

Freeboard to TOW in PC 

Splitter Structure 
1.00 ft 1.19 ft 1.87 ft 2.80 ft 3.36 ft 

Freeboard to TOW in Fine 

Screen Influent Chamber 
0.91 ft 1.21 ft 2.25 ft 3.65 ft 4.54 ft 
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8.4 Evaluation of Hydraulic Capacity of 42-inch WAS 

Forcemain 
The existing 42-inch HDPE WAS forcemain extends northward from the north side of the Dewatering 

Building for approximately 350 feet where it reaches its highest point with an invert elevation of 

approximately 223.90 feet. At this point, the main turns eastward and maintains the same elevation 

for approximately 1,000 feet, before reaching a steeply sloped portion of pipe that drops the main’s 

invert elevation to approximately 202.70 feet. In total, the 42-inch main consists of approximately 

7,000 feet from its highest point at the air release valve to its lowest invert elevation of 201.00 feet, 

before briefly sloping upward and ending on the north side of Lagoon 2A at an invert elevation of 

approximately 205.00 feet. During normal operation, WAS flow from the 42-inch main then tees into a 

dedicated 18-inch line, where flows for approximately 110 feet before discharging into Lagoon 2A. 

In the proposed design, the existing WAS force main will carry both WAS and an additional scum flow 

from the new final clarifiers to Lagoon 2A. The proposed RAS and scum pumps have been sized to 

provide pressurized flow through the first northward leg of the 42-inch HDPE force main, at least as 

far as the air release valve at the highest point of that pipe, located in the vicinity of where the main 

first turns eastward. From that point forward, the combined WAS and scum will flow by gravity 

through the remaining piping until it discharges to Lagoon 2A. 

In order to assess the gravity flow capacity of the existing WAS force main, and to confirm that it is 

adequate for the anticipated WAS/Scum design flows, the existing 42-inch main and 18-inch discharge 

pipe were modeled in Visual Hydraulics (version 4.2). The model including piping between the high 

point of the 42-inch main at the air release valve, to the discharge point in Lagoon 2A. For the 

proposed design, total WAS flows are anticipated to be ≤10 mgd and the added scum flows are 

expected to be less than 1 mgd. Therefore, the gravity portion of the existing WAS force main was 

modeled assuming a total worst-case combined flow of 11 mgd for WAS and scum. 

As shown in the Record Drawings, the water surface level in Lagoon 2A is expected to range between 

215 feet and 217 feet. Assuming a worst-case hydraulic condition, the downstream hydraulic control 

point for the gravity model was first set to the higher level of 217 feet. In the model, all hydraulic 

friction and minor losses in the WAS/scum line were added one-by-one, back to the high point of the 

line at the air release valve. 

Based on the model results, the worst-case WAS/scum flow of 11 mgd is expected to flow by gravity 

from the high point in the 42-inch HDPE main to the 18-inch discharge into Lagoon 2A. When the 

water level in Lagoon 2A is at its highest level of 217 feet, the WAS/scum flow is expected to transition 

from partially full condition to a fully submerged condition, somewhere near the upstream end of the 

first steeply sloped segment of the 42-inch line, where it flows from the pipe’s high point invert 

elevation of 223.90 feet, down to an invert elevation of 202.70 feet. This transition point is expected at 

least 1,000 feet downstream of the air release valve at the pipe’s highest point. 

When the water level in Lagoon 2A is at its lowest level of 215 feet, the worst-case WAS/scum flow of 

11 mgd is expected to transition from a partially full to a fully submerged condition at a point further 

downstream in that first steeply sloped segment. 

Based on the hydraulic analysis, the existing WAS force main is expected to have enough capacity to 

convey the anticipated worst-case WAS and scum flows by gravity from the high point of the line to 

the point of discharge in Lagoon 2A. 
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8.5 Proposed Hydraulic Profile 
Results for the gravity hydraulics analysis, including design flows for all improvements included in 

Package 1 and 2A, are summarized in the proposed Hydraulic Profile. Refer to Drawings GP-M-5 and 

GP-M-6 in Appendix A. 
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Section 9 

Package 2A – Schedule 

A detailed project schedule has been included for Package 2A work which includes the demolition of 

the coarse-bubble diffused aeration system in the Aeration Basins and conversion to fine-bubble 

diffused aeration; demolition of existing Final Clarifiers 5-N and 5-S and construction of new Final 

Clarifiers 5-N and 5-S with dedicated scum pumping for each new clarifier; a dedicated RAS pump 

station for Final Clarifiers 5-N and 5-S; odor control systems for the influent junction box, coarse 

screens, grit removal system, fine screens, primary clarifiers and the IPS; and hydraulic improvements 

to the discharge box of the IPS as described in this PER.  

The schedule shows 60-percent design completed by June 14, 2017, 90-percent design completed by 

August 10 2017, and the GMP submitted at this time. From the work included in this package, we 

estimate a total of 13 bid packages, including equipment and subcontractors. Bid packages included 

are:  

� Diffusers Equipment Package 

� Clarifier Mechanism Equipment 

� Scum Pumps 

� RAS Pumps 

� Odor Control Equipment 

� Odor Control Ductwork 

� FRP Covers (Odor Control) 

� Concrete Subcontractor 

� Electrical Subcontractor 

� Mechanical Subcontractor 

� Sitework Subcontractor 

� Yard Piping Subcontractor 

� Miscellaneous Metal Subcontractor 

Procurement for the bid packages listed above will be done in accordance to the City’s and SRF’s 

procurement requirements. 

The schedule shows construction activities starting in October 2017 (with procurement), and ending 

in August 2020. Critical path on this schedule runs through the clarifier work as this work can not 

start until the PAA tank is complete and online. 
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Ac vity ID Disp Ac vity Name Dur Start Finish Total
Float

T.E. Maxson WWT.E. Maxson WWTF T.E. Maxson WWT   Process Upgrades (Pkg 2A)        895d 01‐Feb‐17 A 26‐Aug‐20 192d

PKG 2A FINAL CLPKG 2A FINAL CLARIFIEPKG 2A FINAL CLARIFIERS, FINE BUBBLE DIFFUSER, ODOR CONTROL & INTERMEDIATE PUMP STATION IMPROVEMENTS 895d 01‐Feb‐17 A 26‐Aug‐20 192d

DESIGN‐2ADESIGN‐2ADESIGN‐2A 183d 01‐Feb‐17 A 20‐Oct‐17 41d

PKG 2A Design  ProgPKG 2A Design  ProgressionPKG 2A Design  Progression (30%) 75d 01‐Feb‐17 A 16‐May‐17 61d
DN2_A2350 Pkg2 Design Progress PKG 2A 56d 01‐Feb‐17 A 19‐Apr‐17 41d
DN2_A2330 Pkg2 Concurrent Client / Internal Review 30% Design PKG 2A 20d 19‐Apr‐17 16‐May‐17 61d
PKG 2A DevelopmePKG 2A Development and PKG 2A Development and Nego a on (60%) 129d 19‐Apr‐17 20‐Oct‐17 41d
DN2_A2300 Pkg2 60% Design PKG 2A 40d 19‐Apr‐17 14‐Jun‐17 41d
DN2_A5640 Pkg2 City Review of 60% PKG 2A 20d 15‐Jun‐17 13‐Jul‐17 61d
DN2_A2400 Pkg2 PKG 2 Proposal Development 15d 11‐Aug‐17 31‐Aug‐17 41d
DN2_A2370 Pkg2 PKG 2A Negotaions 30d 01‐Sep‐17 13‐Oct‐17 42d
DN2_A2360 Pkg2 PKG 2A Approval & Award 5d 16‐Oct‐17 20‐Oct‐17 42d
PKG 2A Finalize DesPKG 2A Finalize DesignPKG 2A Finalize Design 80d 15‐Jun‐17 09‐Oct‐17 50d
DN2_A2420 Pkg2 90% Design Development PKG 2A 40d 15‐Jun‐17 10‐Aug‐17 41d
DN2_A2430 Pkg2 90%  Red‐Yellow‐Green Review PKG 2A 10d 11‐Aug‐17 24‐Aug‐17 49d
DN2_A2440 Pkg2 90% Review with City and Review Mee ng PKG 2A 10d 25‐Aug‐17 08‐Sep‐17 49d
DN2_A2320 Pkg2 Final Documents 90% to 100% PKG 2A 20d 11‐Sep‐17 06‐Oct‐17 51d
DN2_A2310 Pkg2 PKG 2A Issued for Construc on 1d 09‐Oct‐17 09‐Oct‐17 51d

PERMITTINGPERMITTINGPERMITTING 25d 23‐Oct‐17 29‐Nov‐17 879d

DN2_A6270 Pkg2 SRF Review Permit Applica ons 20d 23‐Oct‐17 20‐Nov‐17 884d
DN2_A1790 Pkg2 Prepare / Submit Permit Applica ons ‐Construc on GeneraL Stormwater Permit from TDEC 5d 23‐Oct‐17 27‐Oct‐17 41d
DN2_A1780 Pkg2 Prepare / Submit Permit Applica ons ‐ Building Permit from Shelby County 5d 23‐Oct‐17 27‐Oct‐17 238d

DN2_A1810 Pkg2 Agency Review & Approve Permit Applica ons ‐ Construc on GeneraL Stormwater Permit from TDEC 20d 30‐Oct‐17 29‐Nov‐17 41d

DN2_A1800 Pkg2 Agency Review & Approve Permit Applica ons ‐ Building Permit from Shelby County 5d 30‐Oct‐17 03‐Nov‐17 238d

PROCUREMENTPROCUREMENTPROCUREMENT 222d 10‐Oct‐17 28‐Aug‐18 691d

PKG 2A Develop, AdPKG 2A Develop, Adver sePKG 2A Develop, Adver se & Bid 122d 10‐Oct‐17 06‐Apr‐18 554d
DN2_A4230 Pkg2 Develop, Adver se & Bid  Demoli on Subcontractor 30d 10‐Oct‐17 20‐Nov‐17 301d
DN2_A4350 Pkg2 Develop, Adver se & Bid  Site  Subcontract 30d 10‐Oct‐17 20‐Nov‐17 200d
DN2_A6425 Pkg2 Develop, Adver se & Bid  AB Diffuser Equipment 30d 10‐Oct‐17 21‐Nov‐17 206d
DN2_A6455 Pkg2 Develop, Adver se & Bid  Scum Pump Sta on 30d 10‐Oct‐17 21‐Nov‐17 461d
DN2_A6463 Pkg2 Develop, Adver se & Bid  RAS Pumps & VFD's Equipment 30d 10‐Oct‐17 21‐Nov‐17 403d
DN2_A4220 Pkg2 Develop, Adver se & Bid  Concrete Subcontractor 30d 23‐Oct‐17 05‐Dec‐17 477d

DN2_A4250 Pkg2 Develop, Adver se & Bid  Odor Control Equipment 30d 23‐Oct‐17 05‐Dec‐17 98d
DN2_A4440 Pkg2 Develop, Adver se & Bid  Mechanical Subcontractor 30d 23‐Oct‐17 05‐Dec‐17 187d
DN2_A6370 Pkg2 Develop, Adver se & Bid  Final Clarifier Equipment 30d 23‐Oct‐17 06‐Dec‐17 402d
DN2_A4390 Pkg2 Develop, Adver se & Bid Yard Piping Subcontract 30d 30‐Nov‐17 12‐Jan‐18 42d
DN2_A4420 Pkg2 Develop, Adver se & Bid  Misc Metals Subcontract 30d 30‐Nov‐17 12‐Jan‐18 616d
DN2_A4210 Pkg2 Develop, Adver se & Bid  Electrical Subcontractor 30d 15‐Jan‐18 23‐Feb‐18 42d
DN2_A4410 Pkg2 Develop, Adver se & Bid  I&C Subcontract 30d 26‐Feb‐18 06‐Apr‐18 227d
PKG 2A Obtain City PKG 2A Obtain City ApprovPKG 2A Obtain City Approval & Award 103d 21‐Nov‐17 20‐Apr‐18 554d
DN2_A4290 Pkg2 Obtain City Approval & Award  Demoli on Subcontractor 10d 21‐Nov‐17 06‐Dec‐17 301d
DN2_A4360 Pkg2 Obtain City Approval & Award  Site Subcontract 10d 21‐Nov‐17 06‐Dec‐17 200d
DN2_A6435 Pkg2 Develop, Adver se & Bid  AB Diffuser Equipment 10d 22‐Nov‐17 07‐Dec‐17 206d
DN2_A6465 Pkg2 Develop, Adver se & Bid  Scum Pump Sta on 10d 22‐Nov‐17 07‐Dec‐17 461d
DN_2A6466 Pkg2 Develop, Adver se & Bid  RAS Pumps & VFD's Equipment 10d 22‐Nov‐17 07‐Dec‐17 403d

DN2_A4280 Pkg2 Obtain City Approval & Award  Concrete Subcontractor 10d 06‐Dec‐17 19‐Dec‐17 477d
DN2_A4320 Pkg2 Obtain City Approval & Award Odor Control Equipment 10d 06‐Dec‐17 19‐Dec‐17 98d
DN2_A4450 Pkg2 Obtain City Approval & Award  Mechanical Subcontractor 10d 06‐Dec‐17 19‐Dec‐17 187d
DN2_A6380 Pkg2 Obtain City Approval & Award Final Clarifier Equipment 10d 07‐Dec‐17 20‐Dec‐17 402d
DN2_A4400 Pkg2 Obtain City Approval & Award  Yard Piping Subcontract 10d 15‐Jan‐18 26‐Jan‐18 60d

J F M A M J Jul A S O N D J F M A M J Jul A S O N D J F M A M J Jul A S O N D J F M A M J Jul A S O N D J F M A
2017 2018 2019 2020 2021

Design Progress PKG 2A
Concurrent Client / Internal Review 30% Design PKG 2A

60% Design PKG 2A
City Review of 60% PKG 2A

PKG 2 Proposal Development
PKG 2A Negotaions
PKG 2A Approval & Award

90% Design Development PKG 2A
90%  Red‐Yellow‐Green Review PKG 2A
90% Review with City and Review Mee ng PKG 2A

Final Documents 90% to 100% PKG 2A
PKG 2A Issued for Construc on

SRF Review Permit Applica ons
Prepare / Submit Permit Applica ons ‐Construc on GeneraL Stormwater Permit from TDEC
Prepare / Submit Permit Applica ons ‐ Building Permit from Shelby County

Agency Review & Approve Permit Applica ons ‐ Construc on GeneraL Stormwater Permit from TDEC

Agency Review & Approve Permit Applica ons ‐ Building Permit from Shelby County

Develop, Adver se & Bid  Demoli on Subcontractor
Develop, Adver se & Bid  Site  Subcontract
Develop, Adver se & Bid  AB Diffuser Equipment
Develop, Adver se & Bid  Scum Pump Sta on
Develop, Adver se & Bid  RAS Pumps & VFD's Equipment
Develop, Adver se & Bid  Concrete Subcontractor

Develop, Adver se & Bid  Odor Control Equipment
Develop, Adver se & Bid  Mechanical Subcontractor
Develop, Adver se & Bid  Final Clarifier Equipment

Develop, Adver se & Bid Yard Piping Subcontract
Develop, Adver se & Bid  Misc Metals Subcontract

Develop, Adver se & Bid  Electrical Subcontractor
Develop, Adver se & Bid  I&C Subcontract

Obtain City Approval & Award  Demoli on Subcontractor
Obtain City Approval & Award  Site Subcontract
Develop, Adver se & Bid  AB Diffuser Equipment
Develop, Adver se & Bid  Scum Pump Sta on
Develop, Adver se & Bid  RAS Pumps & VFD's Equipment

Obtain City Approval & Award  Concrete Subcontractor
Obtain City Approval & Award Odor Control Equipment
Obtain City Approval & Award  Mechanical Subcontractor
Obtain City Approval & Award Final Clarifier Equipment

Obtain City Approval & Award  Yard Piping Subcontract

CITY of MEMPHIS
T.E. Maxson Wastewater Treatment Facility

PROCESS UPGRADES

DATE:20-Apr-17   TIME: 10:42

Run Date: 20‐Apr‐17
Date Date: 31‐Mar‐17 
Page 1 of  5

Remaining Level of Effort

Actual Work

Remaining Work

Critical Remaining Work

Milestone Package 2A PER
Schedule

Date Revision Checked Approved
18-Nov-16 Updated Data Date to 18Nov16, some CN activity ad... NMjr YH
13-Jan-17 Updated Data Date to 13Jan17, some revised pProc ... NMjr RJG
03-Apr-17 Updated Data Date to 31mar17 - design status NMjr YH
17-Apr-17 Update Package#2 PER Schedule NMjr YHFigure 9-1
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Ac vity ID Disp Ac vity Name Dur Start Finish Total
Float

DN2_A4430 Pkg2 Obtain City Approval & Award  Misc Metals Subcontract 10d 15‐Jan‐18 26‐Jan‐18 616d
DN2_A4270 Pkg2 Obtain City Approval & Award  Electrical Subcontractor 10d 26‐Feb‐18 09‐Mar‐18 42d
DN2_A4340 Pkg2 Obtain City Approval & Award  I&C Subcontract 10d 09‐Apr‐18 20‐Apr‐18 227d
Submi alsSubmi alsSubmi als 122d 08‐Dec‐17 04‐Jun‐18 691d
DN2_A6415 Pkg2 Submit/Review/Approve AB Diffusers 30d 08‐Dec‐17 23‐Jan‐18 206d
DN2_A6345 Pkg2 Submit/Review/Approve Scum Pump Sta on 30d 08‐Dec‐17 23‐Jan‐18 461d
DN2_A6467 Pkg2 Submit/Review/Approve RAS Pumps & VFD's 30d 08‐Dec‐17 23‐Jan‐18 403d
DN2_MX830 Pkg2 Submit/Review/Approve Odor Control Equipment 30d 20‐Dec‐17 02‐Feb‐18 443d
DN2_A6420 Pkg2 Submit/Review/Approve Concrete 30d 20‐Dec‐17 02‐Feb‐18 498d
DN2_A6470 Pkg2 Submit/Review/Approve FRP Covers 30d 20‐Dec‐17 02‐Feb‐18 492d
DN2_A6360 Pkg2 Submit/Review/Approve Final Clarifier Equipment 30d 21‐Dec‐17 05‐Feb‐18 402d
DN2_A6430 Pkg2 Submit/Review/Approve Miscellaneous Metals 30d 29‐Jan‐18 12‐Mar‐18 750d
DN2_A6480 Pkg2 Submit/Review/Approve Piping 30d 29‐Jan‐18 12‐Mar‐18 288d
DN2_A6350 Pkg2 Submit/Review/Approve Electrical Materials 30d 12‐Mar‐18 20‐Apr‐18 454d
DN2_A6410 Pkg2 Submit/Review/Approve I&C Materials 30d 23‐Apr‐18 04‐Jun‐18 373d
Fabrica on & DeliveFabrica on & DeliveryFabrica on & Delivery 152d 24‐Jan‐18 28‐Aug‐18 691d
DN2_A6495 Pkg2 Fab/Deliver AB Diffuser Equipment 60d 24‐Jan‐18 18‐Apr‐18 206d
DN2_A6497 Pkg2 Fab/Deliver Scum Pump Sta on 70d 24‐Jan‐18 02‐May‐18 461d
DN2_A6469 Pkg2 Fab/Deliver RAS Pumps & VFD's 80d 24‐Jan‐18 16‐May‐18 403d
DN2_A5470 Pkg2 Fab/Deliver Odor Control Equipment 100d 05‐Feb‐18 26‐Jun‐18 443d
DN2_A6460 Pkg2 Fab/Deliver FRP Covers 60d 05‐Feb‐18 30‐Apr‐18 492d
DN2_A6390 Pkg2 Fab/Deliver Final Clarifier Equipment 70d 06‐Feb‐18 15‐May‐18 402d
DN2_A6440 Pkg2 Fab/Deliver Miscellaneous Metals 60d 13‐Mar‐18 05‐Jun‐18 750d
DN2_A6490 Pkg2 Fab/Deliver Piping 40d 13‐Mar‐18 07‐May‐18 288d
DN2_A6400 Pkg2 Fab/Deliver I&C Equipment 60d 05‐Jun‐18 28‐Aug‐18 373d

CONSTRUCTIONCONSTRUCTIONCONSTRUCTION 647d 07‐Dec‐17 08‐Jul‐20 227d

00 SITE WORK00 SITE WORK00 SITE WORK 21d 07‐Dec‐17 08‐Jan‐18 200d
CN2_MX1230 Pkg2 Site Earthwork and Rough Grading 21d 07‐Dec‐17 08‐Jan‐18 200d
Clarifier 5‐S and ClaClarifier 5‐S and Clarifier 5Clarifier 5‐S and Clarifier 5‐N Demoliton and Construc on 581d 09‐Jan‐18 04‐May‐20 272d
CN2_MX2630 Pkg2 Electrical Demoli on 11d 25‐Mar‐19 09‐Apr‐19 0d
CN2_MX2620 Pkg2 Cut, Cap & Remove 72" Effluent Lines 8d 09‐Apr‐19 19‐Apr‐19 0d
CN2_MX2670 Pkg2 Install Dewatering System 5d 19‐Apr‐19 26‐Apr‐19 0d
CN2_MX2550 Pkg2 Remove Exis ng Clarifiers 40d 26‐Apr‐19 24‐Jun‐19 0d
Clarifier 5‐N ConstruClarifier 5‐N Construc onClarifier 5‐N Construc on 195d 24‐Jun‐19 06‐Apr‐20 80d
Structural WorkStructural WorkStructural Work 155d 24‐Jun‐19 07‐Feb‐20 115d
CN2_MX2718 Pkg2 Excavate for Clarifier 5‐N 5d 24‐Jun‐19 01‐Jul‐19 0d
CN2_MX2720 Pkg2 Pipe 10d 01‐Jul‐19 16‐Jul‐19 0d
CN2_MX2810 Pkg2 Center Pier 20d 16‐Jul‐19 13‐Aug‐19 0d
CN2_MX2910 Pkg2 Floor 20d 13‐Aug‐19 11‐Sep‐19 0d

CN2_MX2940 Pkg2 Wall 40d 11‐Sep‐19 07‐Nov‐19 0d
CN2_MX3060 Pkg2 Covercoat 25d 07‐Nov‐19 17‐Dec‐19 0d
CN2_MX3130 Pkg2 Launder 35d 17‐Dec‐19 07‐Feb‐20 115d
Mechanical WorkMechanical WorkMechanical Work 70d 17‐Dec‐19 30‐Mar‐20 85d
CN2_MX3290 Pkg2 Install Weirs & Baffles 10d 17‐Dec‐19 02‐Jan‐20 0d
CN2_MX3460 Pkg2 Install Clarifier Equipment 30d 02‐Jan‐20 14‐Feb‐20 0d
CN2_MX3850 Pkg2 Grout Clarifier Bo oms 5d 14‐Feb‐20 24‐Feb‐20 87d
CN2_MX3900 Pkg2 Fill & Drain Clarifier 3d 24‐Feb‐20 27‐Feb‐20 87d
CN2_MX3960 Pkg2 Install Clarifier Mechanism 5d 27‐Feb‐20 05‐Mar‐20 87d
CN2_MX4030 Pkg2 Water Test Clarifier 10d 05‐Mar‐20 19‐Mar‐20 87d
CN2_MX4060 Pkg2 Start‐Up & Test Clarifier 5d 23‐Mar‐20 30‐Mar‐20 85d
Electrical WorkElectrical WorkElectrical Work 35d 14‐Feb‐20 06‐Apr‐20 75d
CN2_MX3722 Pkg2 Electrical Grounding 5d 14‐Feb‐20 24‐Feb‐20 0d

J F M A M J Jul A S O N D J F M A M J Jul A S O N D J F M A M J Jul A S O N D J F M A M J Jul A S O N D J F M A
2017 2018 2019 2020 2021

Obtain City Approval & Award  Misc Metals Subcontract
Obtain City Approval & Award  Electrical Subcontractor

Obtain City Approval & Award  I&C Subcontract

Submit/Review/Approve AB Diffusers
Submit/Review/Approve Scum Pump Sta on
Submit/Review/Approve RAS Pumps & VFD's
Submit/Review/Approve Odor Control Equipment
Submit/Review/Approve Concrete
Submit/Review/Approve FRP Covers
Submit/Review/Approve Final Clarifier Equipment

Submit/Review/Approve Miscellaneous Metals
Submit/Review/Approve Piping

Submit/Review/Approve Electrical Materials
Submit/Review/Approve I&C Materials

Fab/Deliver AB Diffuser Equipment
Fab/Deliver Scum Pump Sta on
Fab/Deliver RAS Pumps & VFD's

Fab/Deliver Odor Control Equipment
Fab/Deliver FRP Covers
Fab/Deliver Final Clarifier Equipment
Fab/Deliver Miscellaneous Metals

Fab/Deliver Piping
Fab/Deliver I&C Equipment

Site Earthwork and Rough Grading

Electrical Demoli on
Cut, Cap & Remove 72" Effluent Lines
Install Dewatering System

Remove Exis ng Clarifiers

Excavate for Clarifier 5‐N
Pipe

Center Pier
Floor

Wall
Covercoat

Launder

Install Weirs & Baffles
Install Clarifier Equipment
Grout Clarifier Bo oms
Fill & Drain Clarifier
Install Clarifier Mechanism
Water Test Clarifier
Start‐Up & Test Clarifier

Electrical Grounding

CITY of MEMPHIS
T.E. Maxson Wastewater Treatment Facility

PROCESS UPGRADES

DATE:20-Apr-17   TIME: 10:42

Run Date: 20‐Apr‐17
Date Date: 31‐Mar‐17 
Page 2 of  5

Remaining Level of Effort

Actual Work

Remaining Work

Critical Remaining Work

Milestone Date Revision Checked Approved
18-Nov-16 Updated Data Date to 18Nov16, some CN activity ad... NMjr YH
13-Jan-17 Updated Data Date to 13Jan17, some revised pProc ... NMjr RJG
03-Apr-17 Updated Data Date to 31mar17 - design status NMjr YH
17-Apr-17 Update Package#2 PER Schedule NMjr YH

Package 2A PER
Schedule
Figure 9-1
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Ac vity ID Disp Ac vity Name Dur Start Finish Total
Float

CN2_MX3730 Pkg2 Electrical  Rough In 10d 24‐Feb‐20 09‐Mar‐20 0d
CN2_MX3720 Pkg2 Feeders And Branch Wiring 15d 24‐Feb‐20 16‐Mar‐20 0d
CN2_MX3860 Pkg2 Install Electrical Gear 15d 02‐Mar‐20 23‐Mar‐20 85d
CN2_MX3840 Pkg2 Equipment Connec ons 5d 02‐Mar‐20 09‐Mar‐20 85d
CN2_MX3845 Pkg2 Install Clarifiers Ligh ng 10d 16‐Mar‐20 30‐Mar‐20 0d
Instrumenta onInstrumenta onInstrumenta on 30d 24‐Feb‐20 06‐Apr‐20 0d
CN2_MX3740 Pkg2 Install I & C Devices 15d 24‐Feb‐20 16‐Mar‐20 10d
CN2_MX3950 Pkg2 Loop Test & Terminate I&C Devices 5d 30‐Mar‐20 06‐Apr‐20 0d

Clarifier 5‐S ConstrucClarifier 5‐S Construc onClarifier 5‐S Construc on 195d 01‐Jul‐19 13‐Apr‐20 75d
Structural WorkStructural WorkStructural Work 155d 01‐Jul‐19 14‐Feb‐20 110d
A6460 Pkg2 Excavate for Clarifier 5‐N 5d 01‐Jul‐19 09‐Jul‐19 0d
CN2_MX2710 Pkg2 Pipe 10d 09‐Jul‐19 23‐Jul‐19 0d
CN2_MX2800 Pkg2 Center Pier 20d 23‐Jul‐19 20‐Aug‐19 0d
CN2_MX2900 Pkg2 Floor 20d 20‐Aug‐19 18‐Sep‐19 0d
CN2_MX2930 Pkg2 Wall 40d 18‐Sep‐19 15‐Nov‐19 0d
CN2_MX3050 Pkg2 Prestress & Covercoat 25d 15‐Nov‐19 24‐Dec‐19 0d
CN2_MX3120 Pkg2 Launder 35d 24‐Dec‐19 14‐Feb‐20 110d
Mechanical WorkMechanical WorkMechanical Work 70d 24‐Dec‐19 06‐Apr‐20 80d
CN2_MX3280 Pkg2 Install Weirs & Baffles 10d 24‐Dec‐19 09‐Jan‐20 0d
CN2_MX3440 Pkg2 Install Clarifier Equipment 30d 09‐Jan‐20 24‐Feb‐20 0d
CN2_MX3820 Pkg2 Grout Clarifier Bo oms 5d 24‐Feb‐20 02‐Mar‐20 82d
CN2_MX3890 Pkg2 Fill & Drain Clarifier 3d 02‐Mar‐20 05‐Mar‐20 82d
CN2_MX3940 Pkg2 Install Clarifier Mechanism 5d 05‐Mar‐20 12‐Mar‐20 82d
CN2_MX4020 Pkg2 Water Test Clarifier 10d 12‐Mar‐20 26‐Mar‐20 82d
CN2_MX4050 Pkg2 Start‐Up & Test Clarifier 5d 30‐Mar‐20 06‐Apr‐20 80d
Electrical WorkElectrical WorkElectrical Work 35d 24‐Feb‐20 13‐Apr‐20 0d
CN2_MX3695 Pkg2 Install Grounding 5d 24‐Feb‐20 02‐Mar‐20 0d
CN2_MX3700 Pkg2 Electrical  Rough In 10d 02‐Mar‐20 16‐Mar‐20 0d
CN2_MX3690 Pkg2 Feeders And Branch Wiring 15d 02‐Mar‐20 23‐Mar‐20 0d
CN2_MX3830 Pkg2 Install Electrical Gear 15d 09‐Mar‐20 30‐Mar‐20 5d
CN2_MX3810 Pkg2 Equipment Connec ons 5d 09‐Mar‐20 16‐Mar‐20 5d
CN2_MX3812 Pkg2 Install Clarifiers Ligh ng 10d 23‐Mar‐20 06‐Apr‐20 0d
Instrumenta onInstrumenta onInstrumenta on 30d 02‐Mar‐20 13‐Apr‐20 0d
CN2_MX3710 Pkg2 Install I & C Devices 15d 02‐Mar‐20 23‐Mar‐20 10d
CN2_MX3930 Pkg2 Loop Test & Terminate I&C Devices 5d 06‐Apr‐20 13‐Apr‐20 0d

Duc le Iron Pipe (DIPDuc le Iron Pipe (DIP)Duc le Iron Pipe (DIP) 581d 09‐Jan‐18 04‐May‐20 272d
CN2_MX1080 Pkg3 48" DIP CL150 CML‐RAS‐Relocated Line to Exis ng RAS Line 10d 09‐Jan‐18 23‐Jan‐18 631d
CN2_MX1160 Pkg3 6" DIP CL350 P401‐SC‐Clarifiers to Scum Pump Sta on 5d 06‐Apr‐20 13‐Apr‐20 80d
CN2_MX1200 Pkg3 8" DIP CL350 P401‐SC‐Scum Pump Sta on to Exis ng Headworks 5d 13‐Apr‐20 20‐Apr‐20 80d
CN2_MX1070 Pkg3 24" DIP CL150 CML‐RAS‐Exis ng RAS to RAS Aera on 5d 20‐Apr‐20 27‐Apr‐20 272d
CN2_MX1100 Pkg3 18" DIP CL350 CML‐SLUDGE‐Reloca on @ RAS Aera on 5d 27‐Apr‐20 04‐May‐20 272d
Prestressed ConcretePrestressed Concrete CylindePrestressed Concrete Cylinder Pipe 28d 23‐Jul‐19 30‐Aug‐19 73d
CN2_MX1620 Pkg3 48" PCCP‐FE‐South Final Clarifiers to Junc on Box 17d 23‐Jul‐19 15‐Aug‐19 73d
CN2_MX1800 Pkg3 48" PCCP‐FE‐North Final Clarifiers to Junc on Box 11d 15‐Aug‐19 30‐Aug‐19 73d

43 RAS PUMP STATI43 RAS PUMP STATION43 RAS PUMP STATION 116d 30‐Aug‐19 21‐Feb‐20 36d
RAS PSRAS PSRAS PS 116d 30‐Aug‐19 21‐Feb‐20 36d
Structural WorkStructural WorkStructural Work 43d 30‐Aug‐19 01‐Nov‐19 36d
MX3430 Pkg3 Form & Pour RAS Pump Pad 6d 30‐Aug‐19 10‐Sep‐19 73d
MX3310 Pkg3 Excava on / Placement of Structural Fill 5d 18‐Sep‐19 25‐Sep‐19 36d
MX3330 Pkg3 Form & Pour Slab 3d 25‐Sep‐19 30‐Sep‐19 36d
MX3390 Pkg3 Form & Pour Slab 15d 30‐Sep‐19 22‐Oct‐19 36d
MX3490 Pkg3 Form & Pour Walls 8d 22‐Oct‐19 01‐Nov‐19 36d

J F M A M J Jul A S O N D J F M A M J Jul A S O N D J F M A M J Jul A S O N D J F M A M J Jul A S O N D J F M A
2017 2018 2019 2020 2021

Electrical  Rough In
Feeders And Branch Wiring
Install Electrical Gear

Equipment Connec ons
Install Clarifiers Ligh ng

Install I & C Devices
Loop Test & Terminate I&C Devices

Excavate for Clarifier 5‐N
Pipe

Center Pier
Floor

Wall
Prestress & Covercoat

Launder

Install Weirs & Baffles
Install Clarifier Equipment
Grout Clarifier Bo oms
Fill & Drain Clarifier
Install Clarifier Mechanism
Water Test Clarifier
Start‐Up & Test Clarifier

Install Grounding
Electrical  Rough In
Feeders And Branch Wiring
Install Electrical Gear

Equipment Connec ons
Install Clarifiers Ligh ng

Install I & C Devices
Loop Test & Terminate I&C Devices

48" DIP CL150 CML‐RAS‐Relocated Line to Exis ng RAS Line
6" DIP CL350 P401‐SC‐Clarifiers to Sc
8" DIP CL350 P401‐SC‐Scum Pump S
24" DIP CL150 CML‐RAS‐Exis ng RA
18" DIP CL350 CML‐SLUDGE‐Reloc

48" PCCP‐FE‐South Final Clarifiers to Junc on Box
48" PCCP‐FE‐North Final Clarifiers to Junc on Box

Form & Pour RAS Pump Pad
Excava on / Placement of Structural Fill
Form & Pour Slab
Form & Pour Slab
Form & Pour Walls

CITY of MEMPHIS
T.E. Maxson Wastewater Treatment Facility
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Remaining Level of Effort

Actual Work

Remaining Work

Critical Remaining Work

Milestone Date Revision Checked Approved
18-Nov-16 Updated Data Date to 18Nov16, some CN activity ad... NMjr YH
13-Jan-17 Updated Data Date to 13Jan17, some revised pProc ... NMjr RJG
03-Apr-17 Updated Data Date to 31mar17 - design status NMjr YH
17-Apr-17 Update Package#2 PER Schedule NMjr YH
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Ac vity ID Disp Ac vity Name Dur Start Finish Total
Float

Mechanical WorkMechanical WorkMechanical Work 73d 01‐Nov‐19 21‐Feb‐20 36d
MX3530 Pkg3 Install RAS Pumps & Piping 15d 01‐Nov‐19 25‐Nov‐19 36d
MX3640 Pkg3 Hydrosta c / Water Test Structure 8d 25‐Nov‐19 09‐Dec‐19 79d
MX3920 Pkg3 Start‐Up & Test RAS 15d 30‐Jan‐20 21‐Feb‐20 36d
Electrical WorkElectrical WorkElectrical Work 43d 25‐Nov‐19 30‐Jan‐20 36d
MX3650 Pkg3 Electrical Rough In 15d 25‐Nov‐19 18‐Dec‐19 36d
MX3660 Pkg3 Feeders And Branch Wiring 8d 18‐Dec‐19 31‐Dec‐19 36d
MX3770 Pkg3 Electrical Connec ons And Termina ons 15d 26‐Dec‐19 17‐Jan‐20 36d
Instrumenta onInstrumenta onInstrumenta on 28d 18‐Dec‐19 30‐Jan‐20 36d
MX3670 Pkg3 Install I&C Devices 8d 18‐Dec‐19 31‐Dec‐19 48d
MX3780 Pkg3 Loop Test & Terminate I&C Devices 8d 17‐Jan‐20 30‐Jan‐20 36d

Scum Pump StaiontScum Pump StaiontScum Pump Staiont 20d 15‐Nov‐19 17‐Dec‐19 75d
A6440 Excava on/Set/Wire Package Scum Pump Sta on 20d 15‐Nov‐19 17‐Dec‐19 75d
24 Exis ng Aera on24 Exis ng Aera on  Basin 24 Exis ng Aera on  Basin Upgrades 343d 05‐Apr‐18 15‐Aug‐19 450d
Aera on Basin ‐ (14 Aera on Basin ‐ (14 Aera oAera on Basin ‐ (14 Aera on Basins) 343d 05‐Apr‐18 15‐Aug‐19 450d
1st 2 N&S Aera on 1st 2 N&S Aera on Basins1st 2 N&S Aera on Basins 49d 05‐Apr‐18 13‐Jun‐18 744d
CN2_A3370 Pkg2 Clean Exis ng Aera on Basin of Residuals ‐ 1st 2 New Aera on Basin Diffusers 10d 05‐Apr‐18 19‐Apr‐18 783d
CN2_MX1650 Pkg2 Demo / Install 1st 2 New Aera on Basin Diffusers 30d 19‐Apr‐18 31‐May‐18 206d
CN2_A3380 Pkg2 Install New Process Piping ‐  1st 2 New Aera on Basin Diffusers 20d 10‐May‐18 07‐Jun‐18 206d
CN2_A5410 Pkg2 Test & Check Coarse  Bubble Aera on Equipment 2d 08‐Jun‐18 11‐Jun‐18 206d
CN2_A5230 Pkg2 S/U 1st 2 N&S Aera on Basins 2d 12‐Jun‐18 13‐Jun‐18 206d
2nd 2 N&S Aera on2nd 2 N&S Aera on Basins2nd 2 N&S Aera on Basins 49d 14‐Jun‐18 22‐Aug‐18 206d
CN2_A3410 Pkg2 Clean Exis ng Aera on Basin of Residuals ‐ 2nd 2 New Aera on Basin Diffusers 10d 14‐Jun‐18 27‐Jun‐18 206d
CN2_MX1651 Pkg2 Demo / Install 2nd 2 New Aera on Basin Diffusers 30d 28‐Jun‐18 09‐Aug‐18 206d
A3420 Pkg2 Install New Process Piping ‐  2nd 2 New Aera on Basin Diffusers 20d 20‐Jul‐18 16‐Aug‐18 206d
A5390 Pkg2 Test & Check Coarse  Bubble Aera on Equipment 2d 17‐Aug‐18 20‐Aug‐18 206d
A5240 Pkg2 S/U 2nd 2 N&S Aera on Basins 2d 21‐Aug‐18 22‐Aug‐18 206d
3rd 2 N&S Aera on 3rd 2 N&S Aera on Basins3rd 2 N&S Aera on Basins 49d 23‐Aug‐18 01‐Nov‐18 206d
A3450 Pkg2 Clean Exis ng Aera on Basin of Residuals ‐ 3rd 2 New Aera on Basin Diffusers 10d 23‐Aug‐18 06‐Sep‐18 206d
MX1652 Pkg2 Demo / Install 3rd 2 New Aera on Basin Diffusers 30d 07‐Sep‐18 19‐Oct‐18 206d
A3460 Pkg2 Install New Process Piping ‐  3rd 2 New Aera on Basin Diffusers 20d 28‐Sep‐18 26‐Oct‐18 206d
A5370 Pkg2 Test & Check Coarse  Bubble Aera on Equipment 2d 29‐Oct‐18 30‐Oct‐18 206d
A5250 Pkg2 S/U 3rd 2 N&S Aera on Basins 2d 31‐Oct‐18 01‐Nov‐18 206d
4th 2 N&S Aera on 4th 2 N&S Aera on Basins4th 2 N&S Aera on Basins 49d 02‐Nov‐18 16‐Jan‐19 206d
A3490 Pkg2 Clean Exis ng Aera on Basin of Residuals ‐ 4th 2 New Aera on Basin Diffusers 10d 02‐Nov‐18 16‐Nov‐18 206d
MX1653 Pkg2 Demo / Install 4th 2 New Aera on Basin Diffusers 30d 19‐Nov‐18 03‐Jan‐19 206d
A3500 Pkg2 Install New Process Piping ‐  4th2 New Aera on Basin Diffusers 20d 12‐Dec‐18 10‐Jan‐19 206d
A5350 Pkg2 Test & Check Coarse  Bubble Aera on Equipment 2d 11‐Jan‐19 14‐Jan‐19 206d
A5260 Pkg2 S/U 4th 2 N&S Aera on Basins 2d 15‐Jan‐19 16‐Jan‐19 206d
5th 2 N&S Aera on 5th 2 N&S Aera on Basins5th 2 N&S Aera on Basins 49d 17‐Jan‐19 28‐Mar‐19 206d
A3530 Pkg2 Clean Exis ng Aera on Basin of Residuals ‐ 5th 2 New Aera on Basin Diffusers 10d 17‐Jan‐19 31‐Jan‐19 206d
MX1654 Pkg2 Demo / Install 5th 2 New Aera on Basin Diffusers 30d 01‐Feb‐19 15‐Mar‐19 206d
A3540 Pkg2 Install New Process Piping ‐  5th2 New Aera on Basin Diffusers 20d 25‐Feb‐19 22‐Mar‐19 206d
A5330 Pkg2 Test & Check Coarse  Bubble Aera on Equipment 2d 25‐Mar‐19 26‐Mar‐19 206d
A5270 Pkg2 S/U 5th 2 N&S Aera on Basins 2d 27‐Mar‐19 28‐Mar‐19 206d
6th 2 N&S Aera on 6th 2 N&S Aera on Basins6th 2 N&S Aera on Basins 49d 29‐Mar‐19 06‐Jun‐19 206d
A3570 Pkg2 Clean Exis ng Aera on Basin of Residuals ‐ 6th 2 New Aera on Basin Diffusers 10d 29‐Mar‐19 11‐Apr‐19 206d
MX1655 Pkg2 Demo / Install 6th 2 New Aera on Basin Diffusers 30d 12‐Apr‐19 23‐May‐19 206d
A3580 Pkg2 Install New Process Piping ‐  6th2 New Aera on Basin Diffusers 20d 03‐May‐19 31‐May‐19 206d
A5310 Pkg2 Test & Check Coarse  Bubble Aera on Equipment 2d 03‐Jun‐19 04‐Jun‐19 206d
A5280 Pkg2 S/U 6th 2 N&S Aera on Basins 2d 05‐Jun‐19 06‐Jun‐19 206d
7th 2 N&S Aera on 7th 2 N&S Aera on Basins7th 2 N&S Aera on Basins 49d 07‐Jun‐19 15‐Aug‐19 206d

J F M A M J Jul A S O N D J F M A M J Jul A S O N D J F M A M J Jul A S O N D J F M A M J Jul A S O N D J F M A
2017 2018 2019 2020 2021

Install RAS Pumps & Piping
Hydrosta c / Water Test Structure

Start‐Up & Test RAS

Electrical Rough In
Feeders And Branch Wiring
Electrical Connec ons And Termina ons

Install I&C Devices
Loop Test & Terminate I&C Devices

Excava on/Set/Wire Package Scum Pump Sta on

Clean Exis ng Aera on Basin of Residuals ‐ 1st 2 New Aera on Basin Diffusers
Demo / Install 1st 2 New Aera on Basin Diffusers
Install New Process Piping ‐  1st 2 New Aera on Basin Diffusers
Test & Check Coarse  Bubble Aera on Equipment
S/U 1st 2 N&S Aera on Basins

Clean Exis ng Aera on Basin of Residuals ‐ 2nd 2 New Aera on Basin Diffusers
Demo / Install 2nd 2 New Aera on Basin Diffusers
Install New Process Piping ‐  2nd 2 New Aera on Basin Diffusers
Test & Check Coarse  Bubble Aera on Equipment
S/U 2nd 2 N&S Aera on Basins

Clean Exis ng Aera on Basin of Residuals ‐ 3rd 2 New Aera on Basin Diffusers
Demo / Install 3rd 2 New Aera on Basin Diffusers
Install New Process Piping ‐  3rd 2 New Aera on Basin Diffusers
Test & Check Coarse  Bubble Aera on Equipment
S/U 3rd 2 N&S Aera on Basins

Clean Exis ng Aera on Basin of Residuals ‐ 4th 2 New Aera on Basin Diffusers
Demo / Install 4th 2 New Aera on Basin Diffusers
Install New Process Piping ‐  4th2 New Aera on Basin Diffusers
Test & Check Coarse  Bubble Aera on Equipment
S/U 4th 2 N&S Aera on Basins

Clean Exis ng Aera on Basin of Residuals ‐ 5th 2 New Aera on Basin Diffusers
Demo / Install 5th 2 New Aera on Basin Diffusers
Install New Process Piping ‐  5th2 New Aera on Basin Diffusers
Test & Check Coarse  Bubble Aera on Equipment
S/U 5th 2 N&S Aera on Basins

Clean Exis ng Aera on Basin of Residuals ‐ 6th 2 New Aera on Basin Diffu
Demo / Install 6th 2 New Aera on Basin Diffusers
Install New Process Piping ‐  6th2 New Aera on Basin Diffusers
Test & Check Coarse  Bubble Aera on Equipment
S/U 6th 2 N&S Aera on Basins

CITY of MEMPHIS
T.E. Maxson Wastewater Treatment Facility

PROCESS UPGRADES
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Run Date: 20‐Apr‐17
Date Date: 31‐Mar‐17 
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Remaining Level of Effort

Actual Work

Remaining Work

Critical Remaining Work

Milestone Date Revision Checked Approved
18-Nov-16 Updated Data Date to 18Nov16, some CN activity ad... NMjr YH
13-Jan-17 Updated Data Date to 13Jan17, some revised pProc ... NMjr RJG
03-Apr-17 Updated Data Date to 31mar17 - design status NMjr YH
17-Apr-17 Update Package#2 PER Schedule NMjr YH
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Ac vity ID Disp Ac vity Name Dur Start Finish Total
Float

A3610 Pkg2 Clean Exis ng Aera on Basin of Residuals ‐ 7th 2 New Aera on Basin Diffusers 10d 07‐Jun‐19 20‐Jun‐19 206d
MX1656 Pkg2 Demo / Install 7th 2 New Aera on Basin Diffusers 30d 21‐Jun‐19 02‐Aug‐19 206d
A3620 Pkg2 Install New Process Piping ‐  7th2 New Aera on Basin Diffusers 20d 15‐Jul‐19 09‐Aug‐19 206d
MX2740 Pkg2 Test & Check Coarse  Bubble Aera on Equipment 2d 12‐Aug‐19 13‐Aug‐19 206d
A5290 Pkg2 S/U 7th 2 N&S Aera on Basins 2d 14‐Aug‐19 15‐Aug‐19 206d

Intermediate PS FloIntermediate PS Flow DiveIntermediate PS Flow Diversion 62d 19‐Jul‐19 16‐Oct‐19 408d
A6360 Pkg2 Screw Pumps Electrical Conduit Reloac on 20d 19‐Jul‐19 16‐Aug‐19 450d
A6350 Pkg2 Shore/Excavate/Form, Rebar, Pour Box Slab&Walls 42d 16‐Aug‐19 16‐Oct‐19 206d
Odor Control SystemOdor Control System ‐ ThrOdor Control System ‐ Throughout 155d 23‐Mar‐18 31‐Oct‐18 647d
OC:1 Influent Junc oOC:1 Influent Junc on BoxOC:1 Influent Junc on Box 85d 23‐Mar‐18 23‐Jul‐18 475d
MX1750 Pkg2 Site Prep 1d 23‐Mar‐18 23‐Mar‐18 464d
MX1770 Pkg2 Concrete and Stack 45d 27‐Apr‐18 29‐Jun‐18 440d
MX2180 Pkg2 Electrical & I&C Connec ons (Include Site Ligh ng) 15d 02‐Jul‐18 23‐Jul‐18 475d
MX2100 Pkg2 Fan and Media Install 9d 02‐Jul‐18 13‐Jul‐18 440d
A6370 Pkg2 Instal Infl JB FRP Covers 5d 16‐Jul‐18 20‐Jul‐18 440d
MX2220 Pkg2 Test System 1d 23‐Jul‐18 23‐Jul‐18 440d
OC:2 Screening and GOC:2 Screening and GritOC:2 Screening and Grit 25d 24‐Jul‐18 27‐Aug‐18 440d
MX2240 Pkg2 Site Prep 1d 24‐Jul‐18 24‐Jul‐18 440d
MX2340 Pkg2 Electrical & I&C Connec ons (Include Site Ligh ng) 15d 25‐Jul‐18 14‐Aug‐18 448d
MX2250 Pkg2 Concrete and Stack 15d 25‐Jul‐18 14‐Aug‐18 440d
MX2290 Pkg2 Fan and Media Install 3d 15‐Aug‐18 17‐Aug‐18 440d
A6380 Pkg2 Install Screen & Grit FRP Cover 5d 20‐Aug‐18 24‐Aug‐18 440d
MX2390 Pkg2 Test System 1d 27‐Aug‐18 27‐Aug‐18 440d
OC:3 Primary Weirs, OC:3 Primary Weirs, PrimarOC:3 Primary Weirs, Primary Effluent, Intermediate PS 45d 28‐Aug‐18 31‐Oct‐18 647d
MX2440 Pkg2 Site Prep 1d 28‐Aug‐18 28‐Aug‐18 440d
MX2610 Pkg2 Electrical & I&C Connec ons (Include Site Ligh ng) 15d 29‐Aug‐18 19‐Sep‐18 676d
MX2450 Pkg2 Concrete and Stack 15d 29‐Aug‐18 19‐Sep‐18 440d
MX2590 Pkg2 Fan and Media Install 3d 20‐Sep‐18 24‐Sep‐18 440d
A6390 Pkg2 Install Primary FRP Covers 5d 25‐Sep‐18 01‐Oct‐18 440d
MX2640 Pkg2 Test System 1d 02‐Oct‐18 02‐Oct‐18 440d
DN2_MX2644 Pkg2 Odor Control System Comple on 0d 31‐Oct‐18 455d
Demolli on of ExisDemolli on of Exis ng BiofiDemolli on of Exis ng Biofilters 20d 03‐Oct‐18 31‐Oct‐18 455d
A6450 Pkg2 Demoli on of Exis ng BioFilters 20d 03‐Oct‐18 31‐Oct‐18 455d

SCADA and ProgramSCADA and Programming fSCADA and Programming for the full system 467d 24‐Aug‐18 08‐Jul‐20 25d
A6150 Pkg2 Field Installa on 40d 24‐Aug‐18 22‐Oct‐18 452d
A6160 Pkg2 Scada and Programming 60d 13‐Apr‐20 08‐Jul‐20 0d

CLOSEOUTCLOSEOUTCLOSEOUT 60d 02‐Jun‐20 26‐Aug‐20 10d

Tes ngTes ngTes ng 20d 08‐Jul‐20 05‐Aug‐20 25d
MX3990 Pkg2 Startup of New System 5d 08‐Jul‐20 15‐Jul‐20 0d
MX3580 Pkg2 Startup and Test New System 20d 08‐Jul‐20 05‐Aug‐20 25d
MX3980 Pkg2 Conduct Operator Training 10d 08‐Jul‐20 22‐Jul‐20 25d
MX3982 Pkg2 PKG 2 Substan al Comple on 0d 08‐Jul‐20 25d
CloseoutCloseoutCloseout 60d 02‐Jun‐20 26‐Aug‐20 0d
A5940 Pkg2 O&M Manauls 15d 02‐Jun‐20 23‐Jun‐20 25d
MX3970 Pkg2 As/Builts 15d 08‐Jul‐20 29‐Jul‐20 0d
MX4070 Pkg2 Punchlist 20d 29‐Jul‐20 26‐Aug‐20 0d
MX4100 Pkg2 PKG 2 Final Comple on 0d 26‐Aug‐20* 0d

J F M A M J Jul A S O N D J F M A M J Jul A S O N D J F M A M J Jul A S O N D J F M A M J Jul A S O N D J F M A
2017 2018 2019 2020 2021

Clean Exis ng Aera on Basin of Residuals ‐ 7th 2 New Aera on Bas
Demo / Install 7th 2 New Aera on Basin Diffusers
Install New Process Piping ‐  7th2 New Aera on Basin Diffusers
Test & Check Coarse  Bubble Aera on Equipment
S/U 7th 2 N&S Aera on Basins

Screw Pumps Electrical Conduit Reloac on
Shore/Excavate/Form, Rebar, Pour Box Slab&Walls

Site Prep
Concrete and Stack
Electrical & I&C Connec ons (Include Site Ligh ng)
Fan and Media Install
Instal Infl JB FRP Covers
Test System

Site Prep
Electrical & I&C Connec ons (Include Site Ligh ng)
Concrete and Stack
Fan and Media Install
Install Screen & Grit FRP Cover
Test System

Site Prep
Electrical & I&C Connec ons (Include Site Ligh ng)
Concrete and Stack
Fan and Media Install
Install Primary FRP Covers
Test System

Odor Control System Comple on

Demoli on of Exis ng BioFilters

Field Installa on
Scada and Programming

Startup of New System
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Section 10  

Opinion of Probable Construction Cost (OPCC) 

This section presents the opinion of probable construction cost (OPCC) for Package 2A at the 

preliminary engineering report (PER) stage of the design process. As presented in earlier sections of this 

PER, the scope for Package 2A includes the following items: 

1. Sitework including excavation of Clarifier 5-N and 5-S; 

2. Yard Piping consisting of new influent lines, scum lines, drain lines and underdrain lines for the 

new clarifiers, a new RAS line running from the new RAS pump station to tie into existing 

system, a new scum line running from the new scum pumps to tie into the existing system and 

new EW and DR lines for the odor control systems at all 4 locations; 

3. Conversion from coarse bubble to fine bubble diffusers in the Aeration Basins; 

4. Demolition of the existing Clarifiers 5-N and 5-S and construction of two new Clarifiers with 

new scum pumps and a new RAS Pump Station; 

5. Miscellaneous hydraulic improvements at the Intermediate Pump Station;  

6. Improvements to the Odor Control System to address the influent junction box, coarse screens, 

grit removal system, fine screens, primary clarifiers and the Intermediate Pump Station; 

7. Electrical - Site Lighting, Feeder, Power, Starters, Equipment, Testing; 

8. Package 2A CM GC's (not including design or CM GC Pre-Construction Services); and, 

9. Allowances below the line for testing/leak repair of existing aeration basin air headers. 

The OPCC for Package 2A is based on the PER-Percent Design Package submitted to the City of Memphis 

(City) in April 2017. The OPCC is shown in Table 10-1 below.  

Table 10-1 Package 2A Opinion of Probable Construction Cost 

Package 2A Scope Item 
OPCC w/ Add. 

Services (10%) 1 

Sitework (050) $2,200,000 

Intermediate PS Hydraulic Improvements (110 & 160)  $1,700,000 

Secondary Clarifiers (170 & 180) $11,000,000 

Aeration Basin Improvements (200) $4,500,000 

Electrical and Instrumentation (220 & 240) $1,600,000 

Odor Control Improvements (300) $13,200,000 

DIRECT COST TOTAL $34,200,000 

Allowance for overexcavation of soft soils at Clarifiers 5N & 5S $75,000 

Allowance for testing/leak repair of existing aeration basin air headers $200,000 

TOTAL DIRECT COST WITH ALLOWANCE $34,500,000 

1. Additional Services includes General Conditions and Construction Phase Services. 
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Section 1  

Introduction 

The City of Memphis (City) retained CDM Smith Inc. to design and construct disinfection, biological 

treatment and hydraulic capacity improvements at the City’s T.E. Maxson Wastewater Treatment 

Facility (WWTF) via a construction management at risk (CMAR) project delivery method. These 

improvements include:  

� Replacement of the Existing Headworks Manual Coarse Screens;  

� Upgrades to the Effluent Pump Station Electrical Improvements; 

� Biotower Upgrades and RAS Re-Aeration Basin; 

� Conversion from coarse-bubble to fine bubble diffusers in the Aeration Basins; 

� Addition of peracetic acid (PAA) disinfection system including contact tanks; 

� Demolition of the existing Final Clarifier 5-N and 5-S and construction of two new Final 

Clarifiers; 

� Miscellaneous hydraulic improvements; and, 

� Improvements to the odor control system. 

These improvements will be divided into multiple design packages throughout the project duration. 

Package 2B, as described in this Preliminary Engineering Report (PER), includes the return activated 

sludge (RAS) reaeration basin; a new electrical building consisting of an integrated power assembly 

(IPA) enclosure; modifications to the Flow Control Structure (FCS); and piping improvements.  

The Package 2A PER included the process design and process air requirements for the RAS Reaeration 

Basin and, therefore, it will not be provided in this document. 

The format for the report includes:  

� Basis of Design; 

� Construction Sequencing and Constraints; 

� Project Schedule; and, 

� 30-Percent Drawings.  
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Section 2  

New Electrical Building 

2.1 Design Basis 

2.1.1 Civil/Site Work 

The New Electrical Building is located adjacent to the existing site drive just north of Trickling Filter 

No. 2. Site preparation will involve placement of engineered fill to create a level area approximately 80 

feet wide and 25 feet deep from the back of curb. This fill area will slope down to existing grade just 

north of the trickling filter. The electrical building will have sidewalk along the north and west sides 

and a 20 foot x 25 foot parking space along the east side. Drainage from these facilities will be directed 

north to the gutter along the existing site drive. 

2.1.2 Structural 

The electrical building will consist of a pre-fabricated, stainless steel, walk-in enclosure known as an 

Integrated Power Assembly (IPA). The new Electrical IPA foundation will be approximately 55 foot by 

25 foot with an 18 inch thick turned down slab. The foundation will be constructed of reinforced, cast 

in place concrete. Concrete slab openings and housekeeping pads will be provided on the slab for 

cables and equipment respectively as required by electrical. Concrete stoops will be provided at 

doorways.  

Codes referenced: 

� 2012 International Building Code (IBC) 

� ASCE 7-10 

The concrete slab will be checked for slab punching shear under equipment and also for negative 

bending under wind loading in addition to the global checks for forces from IPA structure. 

2.1.3 Electrical 

The IPA will be NEMA 3R. The manufacturer of the IPA will be the same manufacturer as the major 

electrical equipment located inside the building.  

Power to the IPA will be derived from the 23kV distribution loops originating from switchgear ‘SWGR-

MAIN’. The loops consist of a normal circuit and an emergency circuit for redundancy. The IPA 

building will utilize the spare circuits in the existing pad-mounted switches PS-9N and PS-10E for 

connection to the 23kV distribution loops.  

The estimated load of the future trickling filter ventilation fans, RAS reaeration basin equipment, site 

lighting, and associated miscellaneous equipment is approximately 725KVA. The electrical system for 

the IPA will consist of two 1000kVA, 23kV-480Y/277V, pad-mounted transformers located outside the 

Electrical IPA structure that feed a 480V, 1200A main-tie-main motor control center (MCC) with 

automatic transfer control inside the IPA. A 75kVA step-down dry-type transformer and a 208Y/120V, 

225A panelboard will also be located inside the IPA. The IPA will be air-conditioned with redundant 

wall-mounted HVAC units. Also, the IPA will contain a Purafil air filter system to ensure the 

performance of the electrical and control equipment contained inside.  
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The IPA vendor will be responsible for providing the MCC, 75kVA transformer, panelboards, HVAC 

units, and indoor IPA air filter system. The IPA vendor will also be responsible for providing LED lights 

and receptacles within the building. 

2.1.4 Instrumentation and Controls 

The design will be based around Emerson’s Ovation line with dual Ethernet switches and process 

controllers as submitted in Package 1 for the Disinfection Integrated Power Assembly (IPA) Building. 

The Emerson Ovation control panel, designated DCU-2, will be located in the new Electrical IPA 

Building north of the trickling filters. The DCU-2 control panel shall be 316 stainless steel, rated NEMA 

12 including spare I/O and panel space to accommodate for potential future equipment and I/O for 

future packages and plant expansion. A Phoenix Contact Valueline Industrial PC will be mounted on 

the front of the control panel to serve as a Human Machine Interface (HMI) connected to the Emerson 

Ovation Distributed Control System (DCS). The operator will have the ability to monitor the Dissolved 

Oxygen (DO) analyzers, and control the position of the motor actuated valves for the RAS Reaeration 

Basin and the trickling filter dispersion fans that will be installed under a future package. The control 

panel shall also include an Uninterruptible Power Supply (UPS) and Fiber Optic Patch Panel (FOPP). 

The FOPP shall be sized appropriately to accommodate the necessary primary and secondary Ethernet 

switch connections, as well as provide and connect the fiber optic cable for the Intermediate Pump 

Station Odor Control Panel (OCP-9300) provided in Package 2A. Emerson will also provide a primary 

and secondary controller in the DCU-2 control panel as well as any communication modules and 

appurtenances required to communicate with all equipment and signals as shown in the Package 2B 

drawings and future drawings. 

Fiber optic cable will be the communication media between the controllers back to the Root (ES1), 

Backup (ES2) and Router Ethernet switches for connectivity to the plant wide DCS. The connection 

will be made from the FOPP in DCU-2 through the new fiber ductbank system, detailed in the 

Electrical drawings, to the media converter rack in the Administration Building Network Rack. The 

fiber will be run through the new ductbank with appropriate bend radius, not exceeding the 

manufacturers bend recommendation of the fiber optic cable. T.E. Maxson WWTF standard fiber optic 

cable type is multimode 62.5/150µm (OM1); Modbus over Ethernet communication protocol will be 

used as the communication standard. The communication protocol used by the Ovation DCU 

controllers to the DCS fiber optic network will be Modbus TCP. All I/O from the instruments, vendor 

control panels, VFDs, MCCs and any other appurtenances will be hardwired to the DCU as indicated in 

the Package 2B drawings. All fiber optic cabling and fiber optic patch panels provided shall be sized 

for future connections and expansion. 

2.2 Construction Sequencing and Constraints 
Providing power to the new IPA building pad-mount transformers will require coordination with the 

plant staff for a scheduled power outage. This will entail de-energizing existing pad-mounted switches 

PS-9N and PS-10E so that work can be safely performed inside of electrical manhole EMH-9. This will 

directly affect panels DP1 and DP2 located inside the adjacent existing electrical building. These 

panels in turn provide power to panels DP3 (grease pumps for the Intermediate Pump Station), DP4 

(general purpose loads for the existing Main Substation/MCC-1 Building), DP5 (Fine Bar Screens and 

Odor Control System for the Intermediate Pump Station), MCC-P3 (Primary Clarifiers and Primary 

Sludge Pump Station Building), and P5 (general purpose loads for Trickling Filter Pump Station 

Building).  
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The power feeders for MCC-4 (Intermediate Pump Station and the Trickling Filter Pump Station) also 

run through EMH-9, and to ensure a safe workspace, those loads will also need to be shut down while 

work is performed inside EMH-9. 

Once the cable terminations are complete and work is no longer required inside EMH-9, all the loads 

can be re-energized.  
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Section 3  

RAS Reaeration Basin  

Three new RAS Reaeration basins with a total volume of 3.5-million gallon (MG) will be provided in 

Package 2B as part of the trickling filter/solids contact design. Each basin will be 44 feet wide and 

258-feet long with a design side water depth of 13.75 feet. The RAS Reaeration Basin will receive 

pumped clarifier underflow from the two existing 24-inch RAS pipes as well as a new 24-inch RAS line 

provided in Package 2A from new Clarifiers 5-N and 5-S. The basin will be provided with 9-inch 

membrane disk fine bubble diffusers. Three one-pass parallel basins will be provided for operational 

flexibility.  

3.1 Design Basis 
The process design basis for the RAS Reaeration Basin was provided in the Package 2A Preliminary 

Engineering Report. This included the diffuser quantity and process air flow requirements. That 

information will not be provided again in the Package 2B PER. In as much so, the design basis for the 

RAS Reaeration Basin in this section will focus on the design of the structure, the means of conveying 

air from the existing blowers to this basin, the yard piping which will convey RAS in and out of the 

basin, and the control methodology for the aeration system. 

3.1.1 Process/Mechanical 

Equal RAS flow splitting to the three basins is important to maintain equal hydraulic retention time 

and similar oxygen demand in the basins. Unequal flow splitting will result in varying oxygen demand 

among basins which may require adjustment of air flow. To provide equal flow splitting, a flow splitter 

box with three adjustable 14-foot wide motorized weir gates will be provided upstream of the basin. 

Three 36-foot effluent weirs will be provided at the discharge side of the basin where flow will 

discharge into a common channel. A dropbox will be provided on the southeast corner of the new 

channel and a new 54-inch RAS pipe will be installed to convey RAS to the existing Flow Control 

Structure. Section 4 of this report will discuss the tie-in at the Flow Control Structure. 

The existing process air blowers will provide process air to the RAS Reaeration Basins via two new 

48-inch diameter ductile iron pipes that will run from the blower building to the RAS Reaeration 

Basins. The connection on the east side of the existing air mains was chosen to minimize head loss in 

the system. A connection on the west side of the existing air mains was evaluated in 2016 but was not 

implemented due to the increased head loss in the existing air mains having to convey all the air from 

the east side to the west side of the pipe gallery which would have significantly impacted the 

performance of the existing blowers. 

The existing blind flanges on the east side of the common blower discharge manifold will be removed 

and new motor operated butterfly valves installed for isolation of each air main to the RAS Reaeration 

Basin along with the ability to manually throttle air flow for DO (dissolved oxygen) control. The dual 

48-inch ductile iron air mains will be elevated above the main throughway in the pipe gallery to 

continue to allow for vehicular access through the gallery. The piping will drop via two 90-degree 

bends prior to penetrating the south wall of the pipe gallery. An existing force main along that south 

wall and the concrete stairway outside the southeast corner of the pipe gallery will have to be 

relocated to accommodate the piping.  
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Once inside the footprint of the RAS Reaeration Basin, the parallel ductile iron mains will be installed 

in a channel that will be constructed at the top of the dividing wall between the trains. The air feed 

pipes will be installed under the walkways with removable grating over them for access. The piping 

will be coupled with Victaulic Depend-O-Lok couplings to facilitate removal of the pipe and to allow 

for thermal expansion. Reducing fittings will still be flanged, however, they can also be removed by 

removing the Depend-O-Lok couplings upstream and downstream of them. 

The main air header pipe diameter will vary from 48- to 24-inches. Each pass will be installed with 

four diffuser grids. Each diffuser grid will receive air from a 10-inch welded boss connection that will 

provide the drop leg for the diffuser grid. The east and west trains only have four drop leg connections 

(one per grid). The center train has eight dropleg connections (two per grid). The eight dropleg 

connections for the center train was provided for flexibility in the event an air main was out of service. 

The other air main would still have the ability provide air to two of the three trains. During normal 

operation, only four of the eight dropleg valves should be open to allow for air to the center train to 

ensure even air flow splitting to all three trains. 

Drop legs will be stainless steel and transitioned to PVC at the bottom of the basin. Each drop leg will 

be provided with a manually operated butterfly valve for isolation and air flow adjustment. These 

butterfly valves will be provided with extension stems and manual gear operators for access from the 

top of walkways. These butterfly valves will be adjusted during the plant start-up and should be 

maintained at that position without requiring any adjustment with varying RAS flows may be applied. 

The air flow split to each of the four diffuser grids should stay relatively similar not require any air 

flow adjustment.  

3.1.2 Civil/Site Work 

The RAS Reaeration Basin is located between the existing south Aeration Tanks and Clarifiers 1-S and 

2-S. There does not appear to be existing infrastructure in the footprint of this tank that requires 

relocation. The only site utilities that must be relocated are one water line and hydrant and some 

electrical conduit. The area will require very little grading around the new basin. Existing storm water 

drainage from the area is by sheet flow to the south and west, and this pattern will be maintained with 

the new basin in place. 

The perimeter underdrain system for the new basin will connect to the existing underground storm 

drain system at a manhole located about 200 feet south of the basin. This will require the installation 

of piping within the existing site access drive just west of Trickling Filter No. 1 for approximately 100 

feet. 

3.1.3 Yard Piping 

Yard piping improvements required for the new RAS Reaeration Basin include RAS influent/effluent 

piping, air piping, and various utility relocations to accommodate construction. The RAS Reaeration 

Basin influent will be supplied by three 24-inch pipes, two from new wet-tapped tie-ins to the existing 

24-inch pipes (that leave the RAS pump station towards the south) and one as the extension of the 

new 24-inch line from new Clarifiers 5-N and 5-S installed as part of Package 2A. Buried 24-inch RAS 

piping will be ductile iron with restrained mechanical joints.  

The discharge from the RAS Reaeration Basin will be a 54-inch diameter ductile iron pipe (restrained 

mechanical joint) installed at approximately the same grade as the to-be-demolished 24-inch RAS 

lines running east/west that connect to the 102-inch main. The proposed route will have several 

utility crossings (several duct banks, 24-inch drain piping, 12-inch effluent water piping, storm sewer, 
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etc.), so the proposed deeper depth should mitigate conflicts. Prior to the 60-percent deliverable, a 

subsurface utility investigation/locates will be conducted along the proposed piping pathway, and a 

profile sheet will be added to show utility crossings.  

48-inch ductile iron air piping will be located above grade on concrete pipe supports. Additional utility 

relocation within the area of the RAS Reaeration Basin includes potable water lines and yard hydrants, 

which are to be relocated. Drawings currently show an abandoned 18-inch waste sludge line near the 

tank footprint that will be removed as needed for construction and then capped and abandoned 

outside of the footprint.  

3.1.4 Structural 

The new RAS Reaeration Basin will be constructed of reinforced cast-in-place concrete and is 

approximately 272-foot-8-inch long by 136-foot-8-inch wide by 17-foot-1-inch high. Two center walls 

will divide the basin into three trains, and air piping will be supported under the walkways at the top 

of these walls. The structure will be designed with the use of a perimeter underdrain system to reduce 

the effects of buoyancy from groundwater. There are no protective coatings planned for the interior 

surfaces of the structure. 

3.1.5 Instrumentation and Control 

The RAS Reaeration Basins will be equipped with two motorized butterfly valves to throttle air from 

the existing blowers to fine bubble diffusers in the three new reaeration basins. The motorized 

butterfly valve positions will be operator adjustable in the Supervisory Control and Data Acquisition 

(SCADA) system by the operator to meet the desired DO concentrations and aeration. The butterfly 

valves will also have the capability to be controlled by a hand switch locally or from the Human 

Machine Interface (HMI). Valve position feedback will be monitored in the Ovation SCADA System. 

DO measurements in the new RAS Reaeration Basins will be achieved using optical ball float type Hach 

analytical instruments. There will be two new DO ball float probes per RAS Reaeration Basin (six new 

DO ball float probes in total) measuring the influent and effluent DO. Each DO ball float probe will be 

pole-mounted and extended into each new basin with a handrail mounted analyzer, as required in the 

installation detail and specifications. This type of instrument needs frequent cleaning to keep the 

sensing head of the probe clear of debris, so a rotating probe mount assembly, manufactured by Hach, 

will be furnished with each new probe. This will ensure safe and easy access to the ball float probe for 

maintenance and reduce the time the probes will be down for cleaning. The DO measurements will be 

monitored in the Ovation SCADA System.  

All I/O will be hardwired to DCU-2 located in the New Electrical Integrated Power Assembly (IPA) 

Building. The IPA building will also provide power for all electrical items at the RAS Reaeration Basins. 

3.2 Construction Sequencing and Constraints 
The tie-in for the air piping will require coordination with operations staff to provide a short outage of 

one to two days on each air main to allow for removal of the 48-inch blind flange and installation of 

the 48-inch butterfly valve. Once this connection is complete, the remaining air piping can be installed 

without impacts to the aeration system. 
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The construction of the new RAS Reaeration Basin will require the facility to operate in ABF mode 

only while the basin is being constructed. The existing 24-inch RAS piping running east to the 102-

inch pipe will need to be removed under the footprint of the new basin. Two line stops would be 

provided for the 24-inch RAS lines running east to the 102-inch pipe that currently convey RAS to the 

102-inch pipe.  

In the event Package 2B is complete prior to Package 2A, the new 24-inch RAS pipe from Clarifier 5-N 

and 5-S (provided in Package 2A) will be conveyed directly to the RAS Reaeration Basin splitter box. A 

24-inch plug valve will be provided to isolate the upstream flowmeter at the Package 2A RAS/WAS 

Pump Station. Only one existing 24-inch RAS pipe is utilized by operations staff to convey RAS 

presently. This will allow for tapping to be done “in the dry” by cutting the existing piping and 

installing a new tees and couplings as required to convey flow to the RAS Reaeration Basin. Two 

additional 24-inch line stops will be needed on the existing 24-inch RAS pipes downstream of these 

taps made to convey flow to the RAS Reaeration Basin to curtail flow from flowing to the trickling 

filter pump station when the plant operates in ABF mode. 

In the event Package 2A is complete prior to Package 2B, the new 24-inch RAS pipe from Clarifiers 5-N 

and 5-S will need to be tied into both of the existing 24-inch RAS pipes. Only one existing 24-inch RAS 

pipe is utilized by operations staff to convey RAS presently. This will allow for tapping to be done “in 

the dry” by cutting the existing piping and installing a new tees and couplings as required. The 24-inch 

plug valve on the new 24-inch RAS pipe (provided in Package 2A) will allow for a seamless tie-in to the 

new RAS Reaeration Basin without the need for an outage on Clarifiers 5-N and 5-S as well as isolation 

of the upstream RAS flow meter provided in Package 2A.  
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Section 4  

Flow Control Structure Upgrades 

Reaerated sludge from the RAS Reaeration Basin will be discharged to the existing Flow Control 

Structure (FCS) to mix with incoming trickling filter effluent upstream of the aeration basins. This 

section describes the design basis for modifications that will be required in order to tie the new 

reaerated return activated sludge pipe into the FCS while also improving the hydraulic capacity of the 

structure to accommodate anticipated peak flows.  

4.1 Design Basis 
4.1.1 Process Mechanical 

Reaerated sludge from the RAS Reaeration Basin will be discharged through a new 54-inch ductile 

iron pipe (DIP) running east along the southern edge of the southern aeration basin battery before 

joining the trickling filter effluent downstream of the Intermediate Pump Station (IPS). The proposed 

termination point of the 54-inch pipe would be in the center of the western wall of structure above the 

floor of the main influent chamber. This connection point avoids the challenges associated with tying 

into the 102-inch PCCP main upstream of the FCS while allowing for the reaerated RAS to mix with the 

forward plant flow upstream of the flow split between the north and south aeration basin batteries.  

Additional modifications are proposed to improve the hydraulic capacity of the structure. These 

include: 

� Utilizing all three 5-foot by 5-foot orifices to convey reaerated RAS and trickling filter effluent to 

the north and south influent conduits; 

� A permanent bulkhead in the center conduit which served as the secondary treatment process 

bypass to prevent flow from entering this conduit downstream of the center 5-foot by 5-foot 

orifice;  

� Demolition of the vertical walls between the center conduit and both the north and south 

conduits to allow flow from the center 5-foot by 5-foot orifice to flow to the north and south 

conduits; and, 

� Installation of slide gates to isolate the north and south conduits in the event the north and 

south aeration basin batteries need to be isolated. 

There are three existing 5-foot by 5-foot orifices that split incoming flow into three potential conduits 

in the pipe gallery below. Each square opening is dedicated to a conduit. The two outer (north and 

south) conduits send mixed liquor to the north and south aeration basin batteries, respectively. The 

middle conduit is a secondary treatment process bypass which runs along the center of the pipe 

gallery. Since the 1980s, the slide gate to the central conduit has been closed and all forward flow is 

split in half to the north and south aeration basin batteries through the north and south flow splitting 

openings.  
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4.1.2 Physical Model Study 

During the field stress testing, turbulent wave conditions were observed in the existing FCS at the 

downstream end of the 102-inch main. These conditions made it difficult to fully calibrate the 

computer hydraulic model for this structure. CDM Smith contracted the hydraulics lab, Clemson 

Engineering Hydraulics (CEH), to build and test physical hydraulic models of the existing and modified 

FCS. Results from the model were used to assess its hydraulic capacity of the FCA for combined plant 

and RAS flows with and without the proposed modifications in place.  

CEH also developed a physical model for the IPS Flow Diversion Structure included in Package 2A to 

gain a better understanding of the flow characteristics. Results from this physical model were used to 

validate the proposed design of the IPS Flow Diversion Structure.  

The physical model study demonstrated that minimal air entrainment would be present during peak 

flows for both the proposed IPS Flow Diversion Structure and the modified FCS. The three adverse 

hydraulic conditions at the IPS described in the PER for Package 2A were shown to be minimized in 

the physical model for the Flow Diversion Structure. Results for the FCS also confirmed that the 

proposed hydraulic modifications were necessary to pass peak hour and RAS flow without adversely 

impacting upstream hydraulics at the IPS. The physical model results were used to calibrate the 

computer hydraulic model. Refer to Appendix C for the Physical Model Study Final Report, prepared 

by CEH. 

4.1.3 Impact of FCS Modifications 

The hydraulic analysis indicated that utilizing only two of the 5- by 5-foot square openings, each 

dedicated to a mixed liquor conduit feeding either the north or south aeration basin batteries, 

represented a significant hydraulic choke point at high flow conditions. The headloss added by 

sending peak hour and RAS flow through these two openings would risk pushing the water level in the 

FCS to an elevation that would provide little freeboard (less than one-and-a-half feet) below of the top 

of the structure. Furthermore, at this peak flow condition, the water level in the upstream IPS effluent 

box would be raised close to, if not above, the crest of the discharge chute from the screw pumps. 

Based on the physical model and calibrated computer hydraulic model, when the primary effluent and 

reaerated RAS are combined in the influent chamber of the FCS, there is a significant increase in the 

capacity of the structure if the combined flow is allowed to pass through all three of the existing flow 

splitting openings. Table 4.1 demonstrates the expected hydraulic improvements associated with the 

proposed improvements to the FCS during a peak flow event. 

Table 4-1 Hydraulic Improvements Associated with Modifications to the FCS at Peak Flow (170 mgd 
Influent Plus 48 mgd RAS) 

Flow Control Structure 

Status 

Flow Control Structure  

Influent Chamber 

Intermediate Pump Station  

Effluent Box 

Water 

Surface 

Elevation 

Top of  

Wall 

Expected 

Freeboard 

Water 

Surface 

Elevation 

Pump 

Discharge 

Elevation 

Expected 

Free 

Discharge 

No Modifications in FCS  

(2 Splitting Gates Open) 
237.42 ft 238.78 ft 1.36 ft 239.46 ft 239.33 ft None 

With Modifications in FCS  

(3 Splitting Gates Open) 
236.17 ft 238.78 ft 2.61 ft 238.21 ft 239.33 ft 1.12 ft 

EPA-HQ-2019-004783   001714



 Section 4  •  Flow Control Structure Upgrades 

 4-3 
PW.EXT.36694.111641.03.02.Package 2B PER.Section 4 - Flow Control Structure Upgrades.docx 

As shown above, allowing the combined primary effluent and reaerated RAS to pass through the three 

flow splitting openings in the FCS would significantly improve the hydraulic conditions associated 

with the structure. Without the proposed FCS modifications, the reaerated RAS would need to be 

connected to the forward plant flow at a point in the pipe gallery downstream of the structure in order 

to avoid the adverse hydraulic conditions shown in the first row of the table above. This would likely 

involve more complex piping along with expensive valves in the yard between the aeration basins and 

the FCS. The cost implications for constructing such a piping system would be significantly higher than 

the proposed FCS modifications. 

4.1.4 Civil/Site Work 

Site grading adjacent to west side of the FCS will be done to accommodate the new 54-inch reaerated 

RAS pipe where it crosses above the aeration basin pipe gallery and connects to the structure. Site 

work will be performed without disturbing the existing roadway located to the north of this area. 

4.1.5 Yard Piping 

The 54-inch DIP carrying reaerated RAS from the new RAS Reaeration Basin will connect to the 

existing FCS through a new opening in the western wall of the structure. The 54-inch pipe will be set 

with an invert elevation at approximately 215.50 feet for the majority of its run in the yard in order to 

avoid conflicts with shallower air piping and other utilities. The pipe will turn up vertically and over 

the existing mixed liquor conduits before turning west to connect to the FCS at an invert elevation of 

approximately 224.50 feet. This invert elevation will ensure that the crown of the reaerated sludge 

pipe remains submerged in the Flow Control Structure. Because the 54-inch pipe will have less than 

three feet of ground cover where it is installed above the pipe gallery in the vicinity of the FCS, the 

shallow portion of pipe directly west of FCS will be encased in concrete to provide protection from 

heavy traffic. Details related to the shallow portion of pipe, concrete encasement, and connection to 

the FCS will be included in the Package 2A design submittal. 

4.1.6 Structural 

The existing exterior (14-inch thick) reinforced concrete wall of the west side of the FCS will be 

modified to include a circular saw-cut opening, approximately 5-feet in diameter, to accommodate the 

connection of the new 54-inch reaerated RAS pipe. Increased stresses due to the new opening in the 

side of the structure may require strengthening of the existing wall by adding more concrete and 

reinforcement. 

4.2 Construction Sequencing and Constraints 

Installation of the new 54-inch reaerated RAS pipe in the west wall of the FCS will require a bypass of 

plant flow from the Headworks Structure to the aeration basins since the 102-inch PCCP pipe cannot 

be in service during this connection. This portion of work could be completed during the same bypass 

period that will be required to make changes to the IPS effluent structure and the upstream end of the 

102-inch main as described in Package 2A. 

The three existing gates in the FCS can be closed to isolate and empty and the structure’s main influent 

chamber at which point the opening in the western wall of the structure can be saw-cut and the new 

54-inch reaerated sludge pipe can be installed. Once the 54-inch pipe is installed, forward flow can be 

sent back along its normal flow path through the primary clarifiers and trickling filters. 
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The bulkhead in the central conduit can be installed during normal plant operation with flow going to 

the north and south conduits. The central isolation gate in the FCS will be closed to isolate flow from 

the effluent chamber above the conduit prior to any work in the central conduit. Additional safety 

precautions will need to be in place to assure minimal leakage through the central gate and to keep the 

main bypass conduit dry during this work. 

After the bulkhead is installed in the central bypass conduit, an entire aeration basin battery will need 

to be taken out of service to saw-cut the openings in the vertical conduit walls between the central and 

north (or south) conduit. During this work, the central gate will need to remain shut. It is 

recommended to sequence this work after half of the diffuser conversion in Package 2A is complete 

(for the first half plant outage) so that the aeration basin battery receiving flow has the fine-bubble 

diffuser conversion in place, tested, and operational and that the second half-plant outage occurs 

when the second half of the fine bubble diffuser conversion in Package 2A is complete. 

The north (or south) aeration basin battery will be taken out of service first by closing the respective 

north (or south) isolation gate in the FCS and either draining the downstream aeration basins or 

isolating them at their influent gates/valves on the side of the plant being worked on. The new 

opening in the conduit wall can be cut from the central bypass conduit when the downstream aeration 

basins are not hydraulically connected to the FCS. A new slide gate will be mounted to cover this 

opening to allow for future isolation of the aeration tank battery. Once complete, the gate will be shut 

and the out-of-service side of the plant can be brought back online by opening the respective isolation 

gate in the FCS above. This process would be repeated for the south (or north) battery once the first 

battery is completed. 
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Section 5  

Package 2B Schedule 

A detailed project schedule has been included for Package 2B work which includes the construction of 

the new RAS Reaeration Basin, Electrical Building/IPA and Flow Control Structure modifications 

described in this PER.  

The schedule shows 60-percent design completed by August 18, 2017, 90-percent design completed 

October 27, 2017 and the GMP submitted after that. From the work included in this package, we 

estimate a total of 10 bid packages, including equipment and subcontractors. Bid packages included 

are: 

� Yard Piping Subcontractor; 

� Electrical Gear; 

� Electrical Subcontractor; 

� Biological Process Aeration System; 

� I&C Subcontractor; 

� Mechanical Slide/Weir Gates; 

� Sitework Subcontractor; 

� Concrete Subcontractor; 

� Plant Construction Subcontractor; and, 

� Miscellaneous Metal Subcontractor. 

It is presumed that the diffusers for the RAS Reaeration Basin in Package 2B will be procured under 

Package 2A. Storage of the equipment will be discussed with the manufacturer at the time of 

procurement.  We recommend storage of the equipment to be at their facility and delivery to occur 

when we are ready for installation.   Procurement for the bid packages listed above will be done in 

accordance to the City’s and SRF’s procurement requirements. The schedule shows construction 

activities starting in January 2018 (with procurement) with final completion in December 2019. 

Critical path on this schedule runs through the final design, permitting, and construction of the RAS 

Reaeration Basin. 
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Ac�vity ID Ac�vity Name Dur Start Finish

T.E. Maxson WWTF Process UpgradesT.E. Maxson WWTF Process Upgrades 1052 01-Feb-17 A 15-Apr-21

MILESTONESMILESTONES 696 03-Jul-18 15-Apr-21

PKG MilestonesPKG Milestones 250 03-Jul-18 01-Jul-19

MS2A-120 PKG 2A Construc.on NTP 0 03-Jul-18*

MS2B-120 PKG 2B Construc.on NTP 0 01-Jul-19*

Construc.on Substan.al Comple.on Milestones (Cal Days)Construc.on Substan.al Comple.on Milestones (Cal Days) 20 10-Feb-21 11-Mar-21

MScn-210 PKG 2B Construc.on Substan.ally Complete 0 10-Feb-21*

MScn-200 PKG 2A Construc.on Substan.ally Complete 0 11-Mar-21*

Construc.on Final Comple.on Milestones (Cal Days)Construc.on Final Comple.on Milestones (Cal Days) 25 11-Mar-21 15-Apr-21

MScn-2BFC PKG 2B Construc.on Final Comple.on (30Jan20120)(Cal Days) 0 11-Mar-21*

MScn-2AFC PKG 2A Construc.on Final Comple.on 5 09-Apr-21 15-Apr-21

PKG 2A FINAL CLARIFIERS, FINE BUBBLE DIFFUSER, ODOR CONTROL & INTERMEDIATE PUMP STATION IMPROVEMENTSPKG 2A FINAL CLARIFIERS, FINE BUBBLE DIFFUSER, ODOR CONTROL & INTERMEDIATE PUMP STATION IMPROVEMENTS1047 01-Feb-17 A 08-Apr-21

DESIGN-2ADESIGN-2A 220 01-Feb-17 A 12-Dec-17

PKG 2A Design Progression (30%)PKG 2A Design Progression (30%) 74 01-Feb-17 A 16-May-17 A

DN2_A2350 Design Progress PKG 2A 30% Design 58 01-Feb-17 A 24-Apr-17 A

DN2_A2330 Concurrent Client / Internal Review & TRC 30% Design PKG 2A 15 25-Apr-17 A 16-May-17 A

PKG 2A Development and Nego.a.on (60%)PKG 2A Development and Nego.a.on (60%) 145 17-May-17 A 12-Dec-17

DN2_A2300 60% Design PKG 2A 51 17-May-17 A 28-Jul-17 A

DN2_A5640 City Review of 60% & TRC PKG 2A 14 31-Jul-17 A 18-Aug-17 A

DN2_A5642 Receive and Incorporate Client/SRF 60% PKG 2A Review Comments 14 31-Jul-17 A 18-Aug-17 A

DN2_A2400 PKG 2A Proposal Development - GC's and Contract Documents 15 02-Oct-17 20-Oct-17

DN2_A2370 PKG 2A Nego.a.ons 30 23-Oct-17 05-Dec-17

DN2_A2360 PKG 2A Approval & Award 5 06-Dec-17 12-Dec-17

PKG 2A Finalize DesignPKG 2A Finalize Design 75 21-Aug-17 A 06-Dec-17

DN2_A2420 Prepare & Submit 90% Design Development PKG 2A to Client 36 21-Aug-17 A 10-Oct-17

DN2_A2440 90% Review with City and Review Mee.ng PKG 2A 15 11-Oct-17 31-Oct-17

DN2_A2442 PKG 2A Final GMP SubmiDal (GC's, GMP & Schedule) 15 01-Nov-17 21-Nov-17

DN2_A2320 Signed/Sealed Drawings & Specifica.ons - Final Documents 90% to 100% Rvsd PKG 2A 8 22-Nov-17 05-Dec-17

DN2_A2444 City Review & Approval of GMP PKG 2A 8 22-Nov-17 05-Dec-17

DN2_A2310 PKG 2A Issued for Construc.on / City Approval 1 06-Dec-17 06-Dec-17

PERMITTING Pkg 2APERMITTING Pkg 2A 30 13-Dec-17 25-Jan-18

DN2_A1790 Prepare / Submit Permit Applica.ons -Construc.on General Stormwater Permit from TDEC 5 13-Dec-17 19-Dec-17

DN2_A6270 SRF Review Permit Applica.ons PKG 2A 20 13-Dec-17 11-Jan-18

DN2_A1810 Agency Review & Approve Permit Applica.ons - Construc.on GeneraL Stormwater Permit from TDEC 20 20-Dec-17 18-Jan-18

DN2_A1780 Prepare / Submit Permit Applica.ons - Building Permit from Shelby County 5 12-Jan-18 18-Jan-18

DN2_A1800 Agency Review & Approve Permit Applica.ons - Building Permit from Shelby County 5 19-Jan-18 25-Jan-18

PROCUREMENTPROCUREMENT 238 03-Jul-18 14-Jun-19

PKG 2A Develop, Adver.se & BidPKG 2A Develop, Adver.se & Bid 135 03-Jul-18 15-Jan-19

DN2_A6463 Develop, Adver.se & Bid  RAS Pumps & VFD's Equipment 45 03-Jul-18 05-Sep-18

DN2_A6455 Develop, Adver.se & Bid  Scum Pump Sta.on 45 03-Jul-18 05-Sep-18

DN2_A6425 Develop, Adver.se & Bid  AB Diffuser Equipment 45 03-Jul-18 05-Sep-18

DN2_A6370 Develop, Adver.se & Bid  Final Clarifier Equipment 45 03-Jul-18 05-Sep-18

DN2_A4440 Develop, Adver.se & Bid  Mechanical Subcontractor 45 03-Jul-18 05-Sep-18

DN2_A4420 Develop, Adver.se & Bid  Misc Metals Subcontract 45 03-Jul-18 05-Sep-18

DN2_A4390 Develop, Adver.se & Bid Yard Piping Subcontract 45 03-Jul-18 05-Sep-18

DN2_A4350 Develop, Adver.se & Bid  Site Subcontract 45 03-Jul-18 05-Sep-18

DN2_A4250 Develop, Adver.se & Bid  Odor Control Equipment 45 03-Jul-18 05-Sep-18

DN2_A4220 Develop, Adver.se & Bid  Concrete Subcontractor 45 03-Jul-18 05-Sep-18

DN2_A4230 Develop, Adver.se & Bid  Demoli.on Subcontractor 45 03-Jul-18 05-Sep-18

DN2_A4210 Develop, Adver.se & Bid  Electrical Subcontractor 45 06-Sep-18 07-Nov-18

DN2_A4410 Develop, Adver.se & Bid  I&C Subcontract 45 08-Nov-18 15-Jan-19

PKG 2A Obtain City Approval & AwardPKG 2A Obtain City Approval & Award 105 06-Sep-18 06-Feb-19

DN_2A6466 Develop, Adver.se & Bid  RAS Pumps & VFD's Equipment 15 06-Sep-18 26-Sep-18

DN2_A6465 Develop, Adver.se & Bid  Scum Pump Sta.on 15 06-Sep-18 26-Sep-18

S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A

Qtr 3 Qtr 4 Qtr 1 Qtr 2 Qtr 3 Qtr 4 Qtr 1 Qtr 2 Qtr 3 Qtr 4 Qtr 1 Qtr 2 Qtr 3 Qtr 4 Qtr 1 Qtr 2 Qtr 3 Qtr 4 Qtr 1 Qtr 2 Qtr 3 Qtr 4 Qtr 1Qtr 2

2018 2019 2020 2021 2022 2023

PKG 2A Construc.on NTP

PKG 2B Construc.on NTP

PKG 2B Construc.on Substan.ally Complete

PKG 2A Construc.on Substan.ally Complete

PKG 2B Construc.on Final Comple.on (30Jan20120)(Cal Days)

PKG 2A Construc.on Final Comple.on

Design Progress PKG 2A 30% Design

Concurrent Client / Internal Review & TRC 30% Design PKG 2A

60% Design PKG 2A

City Review of 60% & TRC PKG 2A

Receive and Incorporate Client/SRF 60% PKG 2A Review Comments

PKG 2A Proposal Development - GC's and Contract Documents

PKG 2A Nego.a.ons

PKG 2A Approval & Award

Prepare & Submit 90% Design Development PKG 2A to Client

90% Review with City and Review Mee.ng PKG 2A

PKG 2A Final GMP SubmiDal (GC's, GMP & Schedule)

Signed/Sealed Drawings & Specifica.ons - Final Documents 90% to 100% Rvsd PKG 2A

City Review & Approval of GMP PKG 2A

PKG 2A Issued for Construc.on / City Approval

Prepare / Submit Permit Applica.ons -Construc.on General Stormwater Permit from TDEC

SRF Review Permit Applica.ons PKG 2A

Agency Review & Approve Permit Applica.ons - Construc.on GeneraL Stormwater Permit from TDEC

Prepare / Submit Permit Applica.ons - Building Permit from Shelby County

Agency Review & Approve Permit Applica.ons - Building Permit from Shelby County

Develop, Adver.se & Bid  RAS Pumps & VFD's Equipment

Develop, Adver.se & Bid  Scum Pump Sta.on

Develop, Adver.se & Bid  AB Diffuser Equipment

Develop, Adver.se & Bid  Final Clarifier Equipment

Develop, Adver.se & Bid  Mechanical Subcontractor

Develop, Adver.se & Bid  Misc Metals Subcontract

Develop, Adver.se & Bid Yard Piping Subcontract

Develop, Adver.se & Bid  Site Subcontract

Develop, Adver.se & Bid  Odor Control Equipment

Develop, Adver.se & Bid  Concrete Subcontractor

Develop, Adver.se & Bid  Demoli.on Subcontractor

Develop, Adver.se & Bid  Electrical Subcontractor

Develop, Adver.se & Bid  I&C Subcontract

Develop, Adver.se & Bid  RAS Pumps & VFD's Equipment

Develop, Adver.se & Bid  Scum Pump Sta.on

The City of Memphis
T.E. Maxson Wastewater Treatment Facility

DATE:    11-Oct-17     Time:     11:25

P6 ID: 34629R6-CUP11

Run Date: 11-Oct-17

Date Date: 30-Sep-17 

Page 1 of  8

Remaining Level of Effort

Actual Work

Remaining Work

Critical R...

Milestone
Preliminary Schedule

PKG#2A2B Detail Schedule by WBS

Date Revision Checked Approved

18-Aug-17 Schedule Update - Workshop 8/18/2017 DS YH

02-Oct-17 Schedule Revison - Final Incorp. of Comments DS YH

10-Oct-17 Schedule Revision DS YH
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Ac�vity ID Ac�vity Name Dur Start Finish

DN2_A6435 Develop, Adver.se & Bid  AB Diffuser Equipment 15 06-Sep-18 26-Sep-18

DN2_A6380 Obtain City Approval & Award Final Clarifier Equipment 15 06-Sep-18 26-Sep-18

DN2_A4450 Obtain City Approval & Award  Mechanical Subcontractor 15 06-Sep-18 26-Sep-18

DN2_A4430 Obtain City Approval & Award  Misc Metals Subcontract 15 06-Sep-18 26-Sep-18

DN2_A4400 Obtain City Approval & Award  Yard Piping Subcontract 15 06-Sep-18 26-Sep-18

DN2_A4360 Obtain City Approval & Award  Site Subcontract 15 06-Sep-18 26-Sep-18

DN2_A4320 Obtain City Approval & Award Odor Control Equipment 15 06-Sep-18 26-Sep-18

DN2_A4280 Obtain City Approval & Award  Concrete Subcontractor 15 06-Sep-18 26-Sep-18

DN2_A4290 Obtain City Approval & Award  Demoli.on Subcontractor 15 06-Sep-18 26-Sep-18

DN2_A4270 Obtain City Approval & Award  Electrical Subcontractor 15 08-Nov-18 30-Nov-18

DN2_A4340 Obtain City Approval & Award  I&C Subcontract 15 16-Jan-19 06-Feb-19

SubmiDalsSubmiDals 118 27-Sep-18 21-Mar-19

DN2_MX840 Submit/Review/Approve Sitework Misc SubmiDals 40 27-Sep-18 27-Nov-18

DN2_A6467 Submit/Review/Approve RAS Pumps & VFD's 30 27-Sep-18 07-Nov-18

DN2_A6345 Submit/Review/Approve Scum Pump Sta.on 30 27-Sep-18 07-Nov-18

DN2_A6415 Submit/Review/Approve AB Diffusers 30 27-Sep-18 07-Nov-18

DN2_A6480 Submit/Review/Approve Piping 30 27-Sep-18 07-Nov-18

DN2_A6470 Submit/Review/Approve FRP Covers 30 27-Sep-18 07-Nov-18

DN2_A6430 Submit/Review/Approve Miscellaneous Metals 30 27-Sep-18 07-Nov-18

DN2_A6420 Submit/Review/Approve Concrete 30 27-Sep-18 07-Nov-18

DN2_A6360 Submit/Review/Approve Final Clarifier Equipment 30 27-Sep-18 07-Nov-18

DN2_MX830 Submit/Review/Approve Odor Control Equipment 30 27-Sep-18 07-Nov-18

DN2_A6350 Submit/Review/Approve Electrical Materials 30 03-Dec-18 15-Jan-19

DN2_A6410 Submit/Review/Approve I&C Materials 30 07-Feb-19 21-Mar-19

Fabrica.on & DeliveryFabrica.on & Delivery 150 08-Nov-18 14-Jun-19

DN2_A6469 Fab/Deliver RAS Pumps & VFD's 80 08-Nov-18 07-Mar-19

DN2_A6497 Fab/Deliver Scum Pump Sta.on 70 08-Nov-18 21-Feb-19

DN2_A6495 Fab/Deliver AB Diffuser Equipment 60 08-Nov-18 06-Feb-19

DN2_A6490 Fab/Deliver Piping 40 08-Nov-18 08-Jan-19

DN2_A6460 Fab/Deliver FRP Covers 60 08-Nov-18 06-Feb-19

DN2_A6440 Fab/Deliver Miscellaneous Metals 60 08-Nov-18 06-Feb-19

DN2_A6390 Fab/Deliver Final Clarifier Equipment 70 08-Nov-18 21-Feb-19

DN2_A5470 Fab/Deliver Odor Control Equipment 100 08-Nov-18 04-Apr-19

DN2_A6400 Fab/Deliver I&C Equipment 60 22-Mar-19 14-Jun-19

CONSTRUCTIONCONSTRUCTION 546 28-Nov-18 03-Feb-21

Coordina.on MilestonesCoordina.on Milestones 355 29-Aug-19 03-Feb-21

MScn-010 South Aera.on Basins Complete 0 29-Aug-19

MScn-110 PKG#1 Opera.onal / NTP PKG#2A Commence Construc.on 0 12-Dec-19

MScn-060 North Aera.on Basins Complete 0 30-Mar-20

MScn-020 Scum Pump Sta.on Complete 0 24-Aug-20

MScn-040 Clarifier 5N Complete 0 04-Dec-20

MScn-030 Clarifier 5S Complete 0 12-Jan-21

MScn-050 RAS Pump Sta.on Complete 0 03-Feb-21

00 SITE WORK00 SITE WORK 21 28-Nov-18 27-Dec-18

CN2_MX1230 Site Earthwork and Rough Grading 21 28-Nov-18 27-Dec-18

Clarifier 5-S and Clarifier 5-N Demoliton and Construc.onClarifier 5-S and Clarifier 5-N Demoliton and Construc.on 510 28-Dec-18 12-Jan-21

CN2_MX2630 Electrical Demoli.on 11 28-Dec-18 14-Jan-19

CN2_MX2620 Cut, Cap & Remove 72" Effluent Lines & Misc. Site Piping 10 15-Jan-19 29-Jan-19

CN2_MX2670 Install Dewatering System 5 30-Jan-19 05-Feb-19

CN2_MX2550 Remove Exis.ng Clarifiers 40 06-Feb-19 03-Apr-19

Clarifier 5-N Construc.onClarifier 5-N Construc.on 271 12-Dec-19 12-Jan-21

Structural WorkStructural Work 163 12-Dec-19 04-Aug-20

CN2_MX2715 Install Temporary Shoring 13 12-Dec-19 31-Dec-19

CN2_MX2718 Excavate for Clarifier 5-N 10 17-Dec-19 31-Dec-19

CN2_MX2720 Pipe 10 02-Jan-20 15-Jan-20

CN2_MX2810 Center Pier 20 16-Jan-20 13-Feb-20

S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A

Qtr 3 Qtr 4 Qtr 1 Qtr 2 Qtr 3 Qtr 4 Qtr 1 Qtr 2 Qtr 3 Qtr 4 Qtr 1 Qtr 2 Qtr 3 Qtr 4 Qtr 1 Qtr 2 Qtr 3 Qtr 4 Qtr 1 Qtr 2 Qtr 3 Qtr 4 Qtr 1Qtr 2

2018 2019 2020 2021 2022 2023

Develop, Adver.se & Bid  AB Diffuser Equipment

Obtain City Approval & Award Final Clarifier Equipment

Obtain City Approval & Award  Mechanical Subcontractor

Obtain City Approval & Award  Misc Metals Subcontract

Obtain City Approval & Award  Yard Piping Subcontract

Obtain City Approval & Award  Site Subcontract

Obtain City Approval & Award Odor Control Equipment

Obtain City Approval & Award  Concrete Subcontractor

Obtain City Approval & Award  Demoli.on Subcontractor

Obtain City Approval & Award  Electrical Subcontractor

Obtain City Approval & Award  I&C Subcontract

Submit/Review/Approve Sitework Misc SubmiDals

Submit/Review/Approve RAS Pumps & VFD's

Submit/Review/Approve Scum Pump Sta.on

Submit/Review/Approve AB Diffusers

Submit/Review/Approve Piping

Submit/Review/Approve FRP Covers

Submit/Review/Approve Miscellaneous Metals

Submit/Review/Approve Concrete

Submit/Review/Approve Final Clarifier Equipment

Submit/Review/Approve Odor Control Equipment

Submit/Review/Approve Electrical Materials

Submit/Review/Approve I&C Materials

Fab/Deliver RAS Pumps & VFD's

Fab/Deliver Scum Pump Sta.on

Fab/Deliver AB Diffuser Equipment

Fab/Deliver Piping

Fab/Deliver FRP Covers

Fab/Deliver Miscellaneous Metals

Fab/Deliver Final Clarifier Equipment

Fab/Deliver Odor Control Equipment

Fab/Deliver I&C Equipment

South Aera.on Basins Complete

PKG#1 Opera.onal / NTP PKG#2A Commence Construc.on

North Aera.on Basins Complete

Scum Pump Sta.on Complete

Clarifier 5N Complete

Clarifier 5S Complete

RAS Pump Sta.on Complete

Site Earthwork and Rough Grading

Electrical Demoli.on

Cut, Cap & Remove 72" Effluent Lines & Misc. Site Piping

Install Dewatering System

Remove Exis.ng Clarifiers

Install Temporary Shoring

Excavate for Clarifier 5-N

Pipe

Center Pier

The City of Memphis
T.E. Maxson Wastewater Treatment Facility
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Ac�vity ID Ac�vity Name Dur Start Finish

CN2_MX2910 Floor 20 14-Feb-20 13-Mar-20

CN2_MX2940 Wall 40 16-Mar-20 08-May-20

CN2_MX3060 Covercoat 25 11-May-20 15-Jun-20

CN2_MX3130 Launder 35 16-Jun-20 04-Aug-20

Mechanical WorkMechanical Work 143 16-Jun-20 12-Jan-21

CN2_MX4030 Water Test Clarifier 10 16-Jun-20 29-Jun-20

CN2_MX3290 Install Weirs & Baffles 10 05-Aug-20 18-Aug-20

CN2_MX3460 Install Clarifier  Equipment 30 19-Aug-20 30-Sep-20

CN2_MX3850 Grout Clarifier BoDoms 5 01-Oct-20 07-Oct-20

CN2_MX3900 Fill & Drain Clarifier 3 08-Oct-20 13-Oct-20

CN2_MX3960 Install Clarifier  Mechanism 5 14-Oct-20 20-Oct-20

CN2_MX4060 Start-Up & Test Clarifier 5 06-Jan-21 12-Jan-21

Electrical WorkElectrical Work 35 01-Oct-20 20-Nov-20

CN2_MX3722 Electrical Grounding 5 01-Oct-20 07-Oct-20

CN2_MX3720 Feeders And Branch Wiring 15 08-Oct-20 29-Oct-20

CN2_MX3730 Electrical  Rough In 10 08-Oct-20 22-Oct-20

CN2_MX3840 Equipment Connec.ons 5 16-Oct-20 22-Oct-20

CN2_MX3860 Install Electrical Gear 15 16-Oct-20 05-Nov-20

CN2_MX3845 Install Clarifiers Ligh.ng 10 30-Oct-20 13-Nov-20

Instrumenta.onInstrumenta.on 30 08-Oct-20 20-Nov-20

CN2_MX3740 Install I & C Devices 15 08-Oct-20 29-Oct-20

CN2_MX3950 Loop Test & Terminate I&C Devices 5 16-Nov-20 20-Nov-20

Clarifier 5-S Construc.onClarifier 5-S Construc.on 238 02-Jan-20 11-Dec-20

Structural WorkStructural Work 163 02-Jan-20 21-Aug-20

A8300 Install Temporary Shoring 13 02-Jan-20 21-Jan-20

A6460 Excavate for Clarifier 5-N 10 07-Jan-20 21-Jan-20

CN2_MX2710 Pipe 10 22-Jan-20 04-Feb-20

CN2_MX2800 Center Pier 20 05-Feb-20 04-Mar-20

CN2_MX2900 Floor 20 05-Mar-20 01-Apr-20

CN2_MX2930 Wall 40 02-Apr-20 28-May-20

CN2_MX3050 Covercoat 25 29-May-20 02-Jul-20

CN2_MX3120 Launder 35 06-Jul-20 21-Aug-20

Mechanical WorkMechanical Work 105 06-Jul-20 04-Dec-20

CN2_MX4020 Water Test Clarifier 10 06-Jul-20 17-Jul-20

CN2_MX3280 Install Weirs & Baffles 10 24-Aug-20 04-Sep-20

CN2_MX3440 Install Clarifier  Equipment 30 08-Sep-20 20-Oct-20

CN2_MX3820 Grout Clarifier BoDoms 5 21-Oct-20 27-Oct-20

CN2_MX3890 Fill & Drain Clarifier 3 28-Oct-20 30-Oct-20

CN2_MX3940 Install Clarifier  Mechanism 5 02-Nov-20 06-Nov-20

CN2_MX4050 Start-Up & Test Clarifier 5 30-Nov-20 04-Dec-20

Electrical WorkElectrical Work 35 21-Oct-20 11-Dec-20

CN2_MX3695 Install Grounding 5 21-Oct-20 27-Oct-20

CN2_MX3690 Feeders And Branch Wiring 15 28-Oct-20 18-Nov-20

CN2_MX3700 Electrical  Rough In 10 28-Oct-20 10-Nov-20

CN2_MX3810 Equipment Connec.ons 5 04-Nov-20 10-Nov-20

CN2_MX3830 Install Electrical Gear 15 04-Nov-20 25-Nov-20

CN2_MX3812 Install Clarifiers Ligh.ng 10 19-Nov-20 04-Dec-20

Instrumenta.onInstrumenta.on 30 28-Oct-20 11-Dec-20

CN2_MX3710 Install I & C Devices 15 28-Oct-20 18-Nov-20

CN2_MX3930 Loop Test & Terminate I&C Devices 5 07-Dec-20 11-Dec-20

Duc.le Iron Pipe (DIP)Duc.le Iron Pipe (DIP) 150 29-May-20 05-Jan-21

CN2_MX1080 48" DIP CL150 CML-RAS-Relocated Line to Exis.ng RAS Line 10 29-May-20 11-Jun-20

CN2_MX1160 6" DIP CL350 P401-SC-Clarifiers to Scum Pump Sta.on 5 07-Dec-20 11-Dec-20

CN2_MX1200 8" DIP CL350 P401-SC-Scum Pump Sta.on to Exis.ng Headworks 5 14-Dec-20 18-Dec-20

CN2_MX1070 24" DIP CL150 CML-RAS-Exis.ng RAS to RAS Aera.on 5 21-Dec-20 28-Dec-20

CN2_MX1100 18" DIP CL350 CML-SLUDGE-Reloca.on @ RAS Aera.on 5 29-Dec-20 05-Jan-21

Prestressed Concrete Cylinder PipePrestressed Concrete Cylinder Pipe 28 05-Feb-20 16-Mar-20

S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A

Qtr 3 Qtr 4 Qtr 1 Qtr 2 Qtr 3 Qtr 4 Qtr 1 Qtr 2 Qtr 3 Qtr 4 Qtr 1 Qtr 2 Qtr 3 Qtr 4 Qtr 1 Qtr 2 Qtr 3 Qtr 4 Qtr 1 Qtr 2 Qtr 3 Qtr 4 Qtr 1Qtr 2

2018 2019 2020 2021 2022 2023

Floor

Wall

Covercoat

Launder

Water Test Clarifier

Install Weirs & Baffles

Install Clarifier Equipment

Grout Clarifier BoDoms

Fill & Drain Clarifier

Install Clarifier  Mechanism

Start-Up & Test Clarifier

Electrical Grounding

Feeders And Branch Wiring

Electrical  Rough In

Equipment Connec.ons

Install Electrical Gear

Install Clarifiers Ligh.ng

Install I & C Devices

Loop Test & Terminate I&C Devices

Install Temporary Shoring

Excavate for Clarifier 5-N

Pipe

Center Pier

Floor

Wall

Covercoat

Launder

Water Test Clarifier

Install Weirs & Baffles

Install Clarifier  Equipment

Grout Clarifier BoDoms

Fill & Drain Clarifier

Install Clarifier  Mechanism

Start-Up & Test Clarifier

Install Grounding

Feeders And Branch Wiring

Electrical  Rough In

Equipment Connec.ons

Install Electrical Gear

Install Clarifiers Ligh.ng

Install I & C Devices

Loop Test & Terminate I&C Devices

48" DIP CL150 CML-RAS-Relocated Line to Exis.ng RAS Line

6" DIP CL350 P401-SC-Clarifiers to Scum Pump Sta.on

8" DIP CL350 P401-SC-Scum Pump Sta.on to Exis.ng Headworks

24" DIP CL150 CML-RAS-Exis.ng RAS to RAS Aera.on

18" DIP CL350 CML-SLUDGE-Reloca.on @ RAS Aera.on
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Ac�vity ID Ac�vity Name Dur Start Finish

CN2_MX1620 48" PCCP-FE-South Final Clarifiers to Junc.on Box 17 05-Feb-20 28-Feb-20

CN2_MX1800 48" PCCP-FE-North Final Clarifiers to Junc.on Box 11 02-Mar-20 16-Mar-20

43 RAS PUMP STATION43 RAS PUMP STATION 135 20-Jul-20 03-Feb-21

RAS PSRAS PS 135 20-Jul-20 03-Feb-21

Structural WorkStructural Work 78 20-Jul-20 06-Nov-20

MX3310 Excava.on / Placement of Structural Fill 5 20-Jul-20 24-Jul-20

MX3390 Form & Pour Slab 15 27-Jul-20 14-Aug-20

MX3330 Form & Pour RAS Pump Equipment Pads 3 17-Aug-20 19-Aug-20

MX3597 Backfill RAS PS 2 18-Aug-20 19-Aug-20

MX3600 Install Structural Columns & Canopy 5 02-Nov-20 06-Nov-20

Mechanical WorkMechanical Work 112 20-Aug-20 03-Feb-21

MX3530 Install 24"  RAS Pumps & Piping 15 20-Aug-20 10-Sep-20

MX3690 Tie-in 24" RAS Piping to Exis.ng 24" RAS @ Sta 5+00 PKG2B 1 11-Sep-20 11-Sep-20

MX3920 Start-Up & Test RAS 15 13-Jan-21 03-Feb-21

Electrical WorkElectrical Work 43 11-Sep-20 12-Nov-20

MX3650 Electrical Rough In 15 11-Sep-20 01-Oct-20

MX3660 Feeders And Branch Wiring 8 02-Oct-20 14-Oct-20

MX3770 Electrical Connec.ons And Termina.ons 15 09-Oct-20 30-Oct-20

Instrumenta.onInstrumenta.on 28 02-Oct-20 12-Nov-20

MX3670 Install I&C Devices 8 02-Oct-20 14-Oct-20

MX3780 Loop Test & Terminate I&C Devices 8 02-Nov-20 12-Nov-20

Scum Pump Sta.onScum Pump Sta.on 26 20-Jul-20 24-Aug-20

MX3430 Form & Pour SCUM Pump Pads (5N1 & 5S1) 6 20-Jul-20 27-Jul-20

A6440 Set/Wire Package Scum Pump Sta.on 20 28-Jul-20 24-Aug-20

24 Exis.ng Aera.on Basin Upgrades24 Exis.ng Aera.on Basin Upgrades 286 07-Feb-19 30-Mar-20

Aera.on Basin - (14 Aera.on Basins)Aera.on Basin - (14 Aera.on Basins) 286 07-Feb-19 30-Mar-20

South Aera.on Basins 1-4South Aera.on Basins 1-4 80 07-Feb-19 31-May-19

CN2_A3370 Clean Exis.ng Aera.on Basin of Residuals - 1st 2 New Aera.on Basin Diffusers 20 07-Feb-19 07-Mar-19

CN2_MX1650 Demo / Install 1st 2 New Aera.on Basin Diffusers 60 08-Mar-19 31-May-19

CN2_A3380 Install New Process Piping - 1st 2 New Aera.on Basin Diffusers 40 29-Mar-19 23-May-19

CN2_A5410 Test & Check Fine Bubble Aera.on Equipment 2 24-May-19 28-May-19

CN2_A5230 Start-Up 1-4 South Aera.on Basins 2 29-May-19 30-May-19

South Aera.on Basins 5-7South Aera.on Basins 5-7 64 31-May-19 29-Aug-19

CN2_A3410 Clean Exis.ng Aera.on Basin of Residuals - 2nd 2 New Aera.on Basin Diffusers 15 31-May-19 20-Jun-19

CN2_MX1651 Demo / Install 2nd 2 New Aera.on Basin Diffusers 45 21-Jun-19 23-Aug-19

A3420 Install New Process Piping - 2nd 2 New Aera.on Basin Diffusers 30 15-Jul-19 23-Aug-19

A5390 Test & Check Fine Bubble Aera.on Equipment 2 26-Aug-19 27-Aug-19

A5240 Start-Up 5-7 South Aera.on Basins 2 28-Aug-19 29-Aug-19

North Aera.on Basins 1-4North Aera.on Basins 1-4 80 30-Aug-19 27-Dec-19

A3450 Clean Exis.ng Aera.on Basin of Residuals - 3rd 2 New Aera.on Basin Diffusers 20 30-Aug-19 27-Sep-19

MX1652 Demo / Install 3rd 2 New Aera.on Basin Diffusers 60 30-Sep-19 27-Dec-19

A3460 Install New Process Piping - 3rd 2 New Aera.on Basin Diffusers 40 22-Oct-19 19-Dec-19

A5370 Test & Check Fine Bubble Aera.on Equipment 2 20-Dec-19 23-Dec-19

A5250 Start-Up North Aera.on Basins 2 24-Dec-19 26-Dec-19

North Aera.on Basins 5-7North Aera.on Basins 5-7 64 27-Dec-19 30-Mar-20

A3490 Clean Exis.ng Aera.on Basin of Residuals - 4th 2 New Aera.on Basin Diffusers 15 27-Dec-19 17-Jan-20

MX1653 Demo / Install 4th 2 New Aera.on Basin Diffusers 45 21-Jan-20 24-Mar-20

A3500 Install New Process Piping - 4th2 New Aera.on Basin Diffusers 30 11-Feb-20 24-Mar-20

A5350 Test & Check Fine Bubble Aera.on Equipment 2 25-Mar-20 26-Mar-20

A5260 Start-Up 5-7 North Aera.on Basins 2 27-Mar-20 30-Mar-20

Intermediate PS Flow DiversionIntermediate PS Flow Diversion 74 31-Mar-20 14-Jul-20

A6360 Screw Pumps Electrical Conduit Reloca.on 20 31-Mar-20 27-Apr-20

A6350 Shore/Excavate/Form, Rebar, Pour Box Slab&Walls 42 28-Apr-20 25-Jun-20

FC0010 54" Duc.le Iron Core Drill Wall Penetra.on 5 26-Jun-20 02-Jul-20

A6400 Install 102" PCCP & Tie-in (Flow Diversion Structure to Exis.ng 102" PCCP) 7 06-Jul-20 14-Jul-20

Odor Control System - ThroughoutOdor Control System - Throughout 173 28-Nov-18 05-Aug-19

OC:1 Influent Junc.on BoxOC:1 Influent Junc.on Box 103 28-Nov-18 25-Apr-19

S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A
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2018 2019 2020 2021 2022 2023

48" PCCP-FE-South Final Clarifiers to Junc.on Box

48" PCCP-FE-North Final Clarifiers to Junc.on Box

Excava.on / Placement of Structural Fill

Form & Pour Slab

Form & Pour RAS Pump Equipment Pads

Backfill RAS PS

Install Structural Columns & Canopy

Install 24" RAS Pumps & Piping

Tie-in 24" RAS Piping to Exis.ng 24" RAS @ Sta 5+00 PKG2B

Start-Up & Test RAS

Electrical Rough In

Feeders And Branch Wiring

Electrical Connec.ons And Termina.ons

Install I&C Devices

Loop Test & Terminate I&C Devices

Form & Pour SCUM Pump Pads (5N1 & 5S1)

Set/Wire Package Scum Pump Sta.on

Clean Exis.ng Aera.on Basin of Residuals - 1st 2 New Aera.on Basin Diffusers

Demo / Install 1st 2 New Aera.on Basin Diffusers

Install New Process Piping - 1st 2 New Aera.on Basin Diffusers

Test & Check Fine Bubble Aera.on Equipment

Start-Up 1-4 South Aera.on Basins

Clean Exis.ng Aera.on Basin of Residuals - 2nd 2 New Aera.on Basin Diffusers

Demo / Install 2nd 2 New Aera.on Basin Diffusers

Install New Process Piping - 2nd 2 New Aera.on Basin Diffusers

Test & Check Fine Bubble Aera.on Equipment

Start-Up 5-7 South Aera.on Basins

Clean Exis.ng Aera.on Basin of Residuals - 3rd 2 New Aera.on Basin Diffusers

Demo / Install 3rd 2 New Aera.on Basin Diffusers

Install New Process Piping - 3rd 2 New Aera.on Basin Diffusers

Test & Check Fine Bubble Aera.on Equipment

Start-Up North Aera.on Basins

Clean Exis.ng Aera.on Basin of Residuals - 4th 2 New Aera.on Basin Diffusers

Demo / Install 4th 2 New Aera.on Basin Diffusers

Install New Process Piping - 4th2 New Aera.on Basin Diffusers

Test & Check Fine Bubble Aera.on Equipment

Start-Up 5-7 North Aera.on Basins

Screw Pumps Electrical Conduit Reloca.on

Shore/Excavate/Form, Rebar, Pour Box Slab&Walls

54" Duc.le Iron Core Drill Wall Penetra.on

Install 102" PCCP & Tie-in (Flow Diversion Structure to Exis.ng 102" PCCP)
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Ac�vity ID Ac�vity Name Dur Start Finish

MX1750 Site Prep 1 28-Nov-18 28-Nov-18

MX1770 Concrete and Stack 45 29-Nov-18 04-Feb-19

MX2180 Electrical & I&C Connec.ons (Include Site Ligh.ng) 15 05-Feb-19 26-Feb-19

MX2100 Fan and Media Install 9 05-Apr-19 17-Apr-19

A6370 Install Infl JB FRP Covers 5 18-Apr-19 24-Apr-19

MX2220 Test System 1 25-Apr-19 25-Apr-19

OC:2 Screening and GritOC:2 Screening and Grit 25 26-Apr-19 31-May-19

MX2240 Site Prep 1 26-Apr-19 26-Apr-19

MX2250 Concrete and Stack 15 29-Apr-19 17-May-19

MX2340 Electrical & I&C Connec.ons (Include Site Ligh.ng) 15 29-Apr-19 17-May-19

MX2290 Fan and Media Install 3 20-May-19 22-May-19

A6380 Install Screen & Grit FRP Cover 5 23-May-19 30-May-19

MX2390 Test System 1 31-May-19 31-May-19

OC:3 Primary Weirs, Primary Effluent, Intermediate PSOC:3 Primary Weirs, Primary Effluent, Intermediate PS 45 03-Jun-19 05-Aug-19

MX2440 Site Prep 1 03-Jun-19 03-Jun-19

MX2450 Concrete and Stack 15 04-Jun-19 24-Jun-19

MX2610 Electrical & I&C Connec.ons (Include Site Ligh.ng) 15 04-Jun-19 24-Jun-19

MX2590 Fan and Media Install 3 25-Jun-19 27-Jun-19

A6390 Install Primary FRP Covers 5 28-Jun-19 05-Jul-19

MX2640 Test System 1 08-Jul-19 08-Jul-19

DN2_MX2644 Odor Control System Comple.on 0 05-Aug-19

Demolli.on of Exis.ng BiofiltersDemolli.on of Exis.ng Biofilters 20 09-Jul-19 05-Aug-19

A6450 Demoli.on of Exis.ng BioFilters 20 09-Jul-19 05-Aug-19

SCADA and Programming for the full systemSCADA and Programming for the full system 100 17-Jun-19 06-Nov-19

A6150 PKG#2A Scada Field Installa.on 40 17-Jun-19 12-Aug-19

A6160 PKG#2A Scada and Programming 60 13-Aug-19 06-Nov-19

CLOSEOUTCLOSEOUT 45 04-Feb-21 08-Apr-21

Tes.ngTes.ng 30 04-Feb-21 18-Mar-21

MX3580 PKG#2A Startup and Test New System 20 04-Feb-21 04-Mar-21

MX3980 PKG#2A Conduct Operator Training 10 05-Mar-21 18-Mar-21

MX3990 PKG#2A Func.onal Startup of New System 5 05-Mar-21 11-Mar-21

MX3982 PKG#2A Substan.al Comple.on 0 11-Mar-21

CloseoutCloseout 35 19-Feb-21 08-Apr-21

A5940 PKG#2A O&M Manauls 15 19-Feb-21 11-Mar-21

MX3970 PKG#2A As/ Builts 15 05-Mar-21 25-Mar-21

MX4070 PKG#2A Punchlist 20 12-Mar-21 08-Apr-21

MX4100 PKG#2A Final Comple.on 0 08-Apr-21

PKG 2B RAS REAERATION BASINS, ELECTRICAL WORK(EL BLDG), & YARD PIPINGPKG 2B RAS REAERATION BASINS, ELECTRICAL WORK(EL BLDG), & YARD PIPING 965 01-May-17 A 11-Mar-21

DESIGN- 2BDESIGN- 2B 207 01-May-17 A 22-Feb-18

PKG 2B Design Progression (30%)PKG 2B Design Progression (30%) 63 01-May-17 A 28-Jul-17 A

A6810 Design Progress 30% Design PKG 2B 33 01-May-17 A 16-Jun-17 A

A6820 Concurrent City / Internal Review 30% Design & TRC PKG 2B 29 19-Jun-17 A 28-Jul-17 A

PKG 2B Development and Nego.a.on (60%)PKG 2B Development and Nego.a.on (60%) 103 31-Jul-17 A 26-Dec-17

A6850 60% Design PKG 2B 42 31-Jul-17 A 28-Sep-17 A

A6780 City Technical Review of 60% & TRC PKG 2B 15 29-Sep-17 A 19-Oct-17

A6760 PKG 2B Proposal Development 15 20-Oct-17 09-Nov-17

A6770 Receive and Incorporate Client 60% PKG 2B Review Comments 5 20-Oct-17 26-Oct-17

A6790 PKG 2B Nega.ons 15 10-Nov-17 04-Dec-17

A6750 SRF Review of 60% PKG 2B 15 05-Dec-17 26-Dec-17

A6800 PKG 2B Approval & Award 5 05-Dec-17 11-Dec-17

PKG 2B Finalize DesignPKG 2B Finalize Design 86 20-Oct-17 22-Feb-18

A6740 Prepare & Submit 90% Design Development PKG 2B to Client 28 20-Oct-17 30-Nov-17

A6720 90% Review with City and Review Mee.ng PKG 2B 15 01-Dec-17 21-Dec-17

A6940 PKG 2B Final GMP SubmiDal (GC's, GMP & Schedule) 18 22-Dec-17 18-Jan-18

A6830 Signed/Sealed Drawings & Specifica.ons - Final Documents 90% to 100% Rvsd PKG 2B 15 19-Jan-18 08-Feb-18

A6950 City Review & Approval of GMP PKG2A 10 09-Feb-18 22-Feb-18

S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A
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2018 2019 2020 2021 2022 2023

Site Prep

Concrete and Stack

Electrical & I&C Connec.ons (Include Site Ligh.ng)

Fan and Media Install

Install Infl JB FRP Covers

Test System

Site Prep

Concrete and Stack

Electrical & I&C Connec.ons (Include Site Ligh.ng)

Fan and Media Install

Install Screen & Grit FRP Cover

Test System

Site Prep

Concrete and Stack

Electrical & I&C Connec.ons (Include Site Ligh.ng)

Fan and Media Install

Install Primary FRP Covers

Test System

Odor Control System Comple.on

Demoli.on of Exis.ng BioFilters

PKG#2A Scada Field Installa.on

PKG#2A Scada and Programming

PKG#2A Startup and Test New System

PKG#2A Conduct Operator Training

PKG#2A Func.onal Startup of New System

PKG#2A Substan.al Comple.on

PKG#2A O&M Manauls

PKG#2A As/ Builts

PKG#2A Punchlist

PKG#2A Final Comple.on

Design Progress 30% Design PKG 2B

Concurrent City / Internal Review 30% Design & TRC PKG 2B

60% Design PKG 2B

City Technical Review of 60% & TRC PKG 2B

PKG 2B Proposal Development

Receive and Incorporate Client 60% PKG 2B Review Comments

PKG 2B Nega.ons

SRF Review of 60% PKG 2B

PKG 2B Approval & Award

Prepare & Submit 90% Design Development PKG 2B to Client

90% Review with City and Review Mee.ng PKG 2B

PKG 2B Final GMP SubmiDal (GC's, GMP & Schedule)

Signed/Sealed Drawings & Specifica.ons - Final Documents 90% to 100% Rvsd PKG 2B

City Review & Approval of GMP PKG2A
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Ac�vity ID Ac�vity Name Dur Start Finish

A6840 PKG 2B Issued for Construc.on / City Approval 1 22-Feb-18 22-Feb-18

PERMITTING Pkg 2BPERMITTING Pkg 2B 142 09-Feb-18 30-Aug-18

A8310 TDEC SRF PermiSng 97 09-Feb-18 27-Jun-18

A6520 Prepare / Submit Permit Applica.ons -Construc.on General Stormwater Permit from TDEC 5 23-Feb-18 01-Mar-18

A6530 Agency Review & Approve Permit Applica.ons - Construc.on General Stormwater Permit from TDEC 20 02-Mar-18 29-Mar-18

A6540 SRF Review Permit Applica.ons PKG 2B 20 28-Jun-18 26-Jul-18

A6500 Prepare / Submit Permit Applica.ons - Building Permit from Shelby County 5 27-Jul-18 02-Aug-18

A6510 Agency Review & Approve Permit Applica.ons - Building Permit from Shelby County 20 03-Aug-18 30-Aug-18

PROCUREMENT-PKG 2BPROCUREMENT-PKG 2B 248 27-Jul-18 24-Jul-19

PKG 2B  Develop, Adver.se & BidPKG 2B  Develop, Adver.se & Bid 90 27-Jul-18 04-Dec-18

A7250 Develop, Adver.se & Bid Mechanical Slide/Weir Gates 45 27-Jul-18 28-Sep-18

A7240 Develop, Adver.se & Bid Concrete Subcontractor 45 27-Jul-18 28-Sep-18

A7200 Develop, Adver.se & Bid Yard Piping Subcontractor 45 27-Jul-18 28-Sep-18

A6730 Develop, Adver.se & Bid Electrical Gear & Transformers 45 27-Jul-18 28-Sep-18

A6640 Develop, Adver.se & Bid  Biological Process Aera.on System 45 27-Jul-18 28-Sep-18

A6660 Develop, Adver.se & Bid  Site Subcontract 45 27-Jul-18 28-Sep-18

A6690 Develop, Adver.se & Bid  Plant Construc.on Subcontract 45 27-Jul-18 28-Sep-18

A6700 Develop, Adver.se & Bid Misc Metals Subcontract 45 27-Jul-18 28-Sep-18

A6710 Develop, Adver.se & Bid  Electrical Subcontractor 45 27-Jul-18 28-Sep-18

A6670 Develop, Adver.se & Bid  I&C Subcontract 45 01-Oct-18 04-Dec-18

PKG 2B Obtain City Approval & AwardPKG 2B Obtain City Approval & Award 60 01-Oct-18 26-Dec-18

A7280 Obtain City Approval & Award  Plant Construc.on Subcontract 15 01-Oct-18 19-Oct-18

A7260 Obtain City Approval & Award Mechanical Slide/Weir Gates 15 01-Oct-18 19-Oct-18

A6680 Obtain City Approval & Award Concrete Subcontractor 15 01-Oct-18 19-Oct-18

A7230 Obtain City Approval & Award Misc Metals Subcontractor 15 01-Oct-18 19-Oct-18

A6650 Obtain City Approval & Award  Yard Piping Subcontractor 15 01-Oct-18 19-Oct-18

A6960 Obtain City Approval & Award  Electrical Gear & Transformers 15 01-Oct-18 19-Oct-18

A6570 Obtain City Approval & Award  Biological Process Aera.on System 15 01-Oct-18 19-Oct-18

A6600 Obtain City Approval & Award  Site Subcontract 15 01-Oct-18 19-Oct-18

A6630 Obtain City Approval & Award  Electrical Subcontractor 15 01-Oct-18 19-Oct-18

A6610 Obtain City Approval & Award  I&C Subcontract 15 05-Dec-18 26-Dec-18

SubmiDalsSubmiDals 74 22-Oct-18 08-Feb-19

A7810 Submit/Review/Approve Site Work 40 22-Oct-18 19-Dec-18

A7290 Submit/Review/Approve  Plant Construc.on Subcontract 40 22-Oct-18 18-Dec-18

A6620 Submit/Review/Approve Mechanical Slide/Weir Gates 40 22-Oct-18 18-Dec-18

A6590 Submit/Review/Approve Concrete 5 22-Oct-18 26-Oct-18

A6580 Submit/Review/Approve Site Work 20 22-Oct-18 16-Nov-18

A7220 Submit/Review/Approve Misc. Metals 40 22-Oct-18 18-Dec-18

A7080 Submit/Review/Approve Yard Piping 30 22-Oct-18 04-Dec-18

A7000 Submit/Review/Approve Electrical Material 40 22-Oct-18 18-Dec-18

A6970 Submit/Review/Approve Electrical Gear, Transformers, Power House (IPA#3) 30 22-Oct-18 04-Dec-18

A6560 Submit/Review/Approve  Biological Process Aera.on System 30 22-Oct-18 04-Dec-18

A7010 Submit/Review/Review Instrumenta.on 30 27-Dec-18 08-Feb-19

Fabrica.on & DeliveryFabrica.on & Delivery 160 05-Dec-18 24-Jul-19

A7300 Fab/Deliver DI Air Pipe 50 05-Dec-18 15-Feb-19

A7100 Fab/Deliver -  DI Return Sludge Piping 60 05-Dec-18 04-Mar-19

A7090 Fab/Deliver - 24" DI Pipe 40 05-Dec-18 01-Feb-19

A6990 Fab/Deliver  Transformer 100 05-Dec-18 29-Apr-19

A6980 Fab/Deliver Powerhouse 160 05-Dec-18 24-Jul-19

A6550 Fab/Deliver  Biological Process Aera.on System (Fine Bubbler Diffuser) 110 05-Dec-18 13-May-19

A7270 Fab/Deliver - Mechanical Slide/Weir Gates 75 19-Dec-18 08-Apr-19

A7210 Fab/Delivery Misc. Metals 40 19-Dec-18 15-Feb-19

A7030 Fab/Deliver Electrical Material 40 19-Dec-18 15-Feb-19

A7020 Fab/Del Instrumenta.on 60 11-Feb-19 06-May-19

CONSTRUCTIONCONSTRUCTION 378 01-Jul-19 05-Jan-21

Coordina.on MilestonesCoordina.on Milestones 45 21-Oct-20 29-Dec-20

S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A

Qtr 3 Qtr 4 Qtr 1 Qtr 2 Qtr 3 Qtr 4 Qtr 1 Qtr 2 Qtr 3 Qtr 4 Qtr 1 Qtr 2 Qtr 3 Qtr 4 Qtr 1 Qtr 2 Qtr 3 Qtr 4 Qtr 1 Qtr 2 Qtr 3 Qtr 4 Qtr 1Qtr 2

2018 2019 2020 2021 2022 2023

PKG 2B Issued for Construc.on / City Approval

TDEC SRF PermiSng

Prepare / Submit Permit Applica.ons -Construc.on General Stormwater Permit from TDEC

Agency Review & Approve Permit Applica.ons - Construc.on General Stormwater Permit from TDEC

SRF Review Permit Applica.ons PKG 2B

Prepare / Submit Permit Applica.ons - Building Permit from Shelby County

Agency Review & Approve Permit Applica.ons - Building Permit from Shelby County

Develop, Adver.se & Bid Mechanical Slide/Weir Gates

Develop, Adver.se & Bid Concrete Subcontractor

Develop, Adver.se & Bid Yard Piping Subcontractor

Develop, Adver.se & Bid Electrical Gear & Transformers

Develop, Adver.se & Bid  Biological Process Aera.on System

Develop, Adver.se & Bid  Site Subcontract

Develop, Adver.se & Bid  Plant Construc.on Subcontract

Develop, Adver.se & Bid Misc Metals Subcontract

Develop, Adver.se & Bid  Electrical Subcontractor

Develop, Adver.se & Bid  I&C Subcontract

Obtain City Approval & Award  Plant Construc.on Subcontract

Obtain City Approval & Award Mechanical Slide/Weir Gates

Obtain City Approval & Award Concrete Subcontractor

Obtain City Approval & Award Misc Metals Subcontractor

Obtain City Approval & Award  Yard Piping Subcontractor

Obtain City Approval & Award  Electrical Gear & Transformers

Obtain City Approval & Award  Biological Process Aera.on System

Obtain City Approval & Award  Site Subcontract

Obtain City Approval & Award  Electrical Subcontractor

Obtain City Approval & Award  I&C Subcontract

Submit/Review/Approve Site Work

Submit/Review/Approve  Plant Construc.on Subcontract

Submit/Review/Approve Mechanical Slide/Weir Gates

Submit/Review/Approve Concrete

Submit/Review/Approve Site Work

Submit/Review/Approve Misc. Metals

Submit/Review/Approve Yard Piping

Submit/Review/Approve Electrical Material

Submit/Review/Approve Electrical Gear, Transformers, Power House (IPA#3)

Submit/Review/Approve  Biological Process Aera.on System

Submit/Review/Review Instrumenta.on

Fab/Deliver DI Air Pipe

Fab/Deliver -  DI Return Sludge Piping

Fab/Deliver - 24" DI Pipe

Fab/Deliver  Transformer

Fab/Deliver Powerhouse

Fab/Deliver  Biological Process Aera.on System (Fine Bubbler Diffuser)

Fab/Deliver - Mechanical Slide/Weir Gates

Fab/Delivery Misc. Metals

Fab/Deliver Electrical Material

Fab/Del Instrumenta.on

The City of Memphis
T.E. Maxson Wastewater Treatment Facility

DATE:    11-Oct-17     Time:     11:25

P6 ID: 34629R6-CUP11

Run Date: 11-Oct-17

Date Date: 30-Sep-17 
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Remaining Level of Effort

Actual Work

Remaining Work

Critical R...

Milestone
Preliminary Schedule

PKG#2A2B Detail Schedule by WBS

Date Revision Checked Approved

18-Aug-17 Schedule Update - Workshop 8/18/2017 DS YH

02-Oct-17 Schedule Revison - Final Incorp. of Comments DS YH

10-Oct-17 Schedule Revision DS YH
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Ac�vity ID Ac�vity Name Dur Start Finish

MScn_110 Flow Control Structure Upgrade Complete 0 21-Oct-20

MScn_120 Power House IPA Complete 0 19-Nov-20

MScn_100 New RAS Aera.on Basin Complete 0 29-Dec-20

SECONDARY PROCESS - RAS AERATION BASIN & NEW ELECTRICAL BUI LDINGSECONDARY PROCESS - RAS AERATION BASIN & NEW ELECTRICAL BUI LDING 378 01-Jul-19 05-Jan-21

27 NEW RAS AERATION BASIN27 NEW RAS AERATION BASIN 378 01-Jul-19 05-Jan-21

Yard PipingYard Piping 368 16-Jul-19 05-Jan-21

MX2400 Demo Exis.ng 24" RAS (Plant in ABF Mode) 7 16-Jul-19 24-Jul-19

MX2425 Install 24"  Pipe to East Train 7 17-Jun-20 25-Jun-20

MX2435 Install 24"  Pipe to Middle Train 10 26-Jun-20 10-Jul-20

MX2455 Install 24"  Pipe to West Train 10 13-Jul-20 24-Jul-20

MX2505 Install 48"  Yard Piping (30+00 to 37+55) (East Channel) 45 30-Jul-20 01-Oct-20

MX2485 Install 48"  Yard Piping (20+00 to 28+31) (West Channel) 55 13-Aug-20 30-Oct-20

MX2545 Tie In 24" RAS Piping to PKG2A 5 14-Sep-20 18-Sep-20

MX2515 Tie-In / Outage 48" BFV @ STA 37+55 / Final Connec.on at Blower Building 10 02-Nov-20 16-Nov-20

MX2525 Test Air Piping (East) 5 17-Nov-20 23-Nov-20

MX2495 Tie-In /Outage 48" BFV @ STA 28+31 / Final Connec.on at Blower Building 10 17-Nov-20 02-Dec-20

MX2535 Test Air Piping (West) 5 03-Dec-20 09-Dec-20

MX2465 Install 24"  LiveStops (If Required) 3 30-Dec-20 04-Jan-21

MX2475 Open 24" Pressure Valve 1 05-Jan-21 05-Jan-21

StructureStructure 286 01-Jul-19 19-Aug-20

MX1120 Mobiliza.on 5 01-Jul-19 08-Jul-19

MX1125 Survey / U.lity Locate 2 09-Jul-19 10-Jul-19

MX1130 Install Dewatering 3 11-Jul-19* 15-Jul-19

MX1170 Temporary Shee.ng Shoring 4 25-Jul-19 30-Jul-19

MX1240 Excavate and Compact 25 31-Jul-19 04-Sep-19

MX1360 Underdrain Piping 20 07-Aug-19 04-Sep-19

MX1490 Form and Pour Founda.on 75 12-Sep-19 02-Jan-20

MX1870 Form and Pour Aera.on Tank Walls 150 08-Nov-19 16-Jun-20

MX2130 Form and Pour Elevated Slab Walkway 80 24-Mar-20 15-Jul-20

MX2260 Form and Pour Walls at 48" Air Header 30 03-Jun-20 15-Jul-20

MX2270 Form & Pour Stair Pads 7 07-Jul-20 15-Jul-20

MX2280 Water Test Structure 10 16-Jul-20 29-Jul-20

MX2370 Misc. Metals / Stairs 20 23-Jul-20 19-Aug-20

MechanicalMechanical 88 27-Jul-20 02-Dec-20

MX2410 Install Pipe Wall Supports for Diffuser System 15 27-Jul-20 14-Aug-20

MX2300 Install DIP Process Piping 25 30-Jul-20 02-Sep-20

MX2320 Pipe Coa.ngs 30 30-Jul-20 10-Sep-20

MX2420 Install Parallel 48"/30"/24" DI Air Pipe (Channel) 24 06-Aug-20 09-Sep-20

MX2310 Slide Gates 7 20-Aug-20 28-Aug-20

MX2330 Install Fine Bubble Diffusers 70 20-Aug-20 02-Dec-20

A6100 Hydrosta.c / Water Test Structure 5 03-Sep-20 10-Sep-20

MX2380 Pipe Insula.on (Blower Bldg) 10 11-Sep-20 24-Sep-20

ElectricalElectrical 248 03-Jan-20 29-Dec-20

A5880 Install Grounding 5 03-Jan-20 09-Jan-20

MX1930 Rough-in Electrical @ Slab 20 10-Jan-20 07-Feb-20

MX2110 Rough-in Electrical @ Walls 35 27-May-20 15-Jul-20

A5890 Install Site Ligh.ng 15 16-Jul-20 05-Aug-20

MX2580 Installa.on of Electrical Gear 25 13-Aug-20 17-Sep-20

MX2780 Pull & Terminate Feeders & Branch Wires from/to IPA#3 20 09-Nov-20 09-Dec-20

MX2790 RAS System Checkout / Pre-Punchlist 10 15-Dec-20 29-Dec-20

Instrumenta.onInstrumenta.on 18 17-Nov-20 14-Dec-20

MX2830 Install I & C Devices 15 17-Nov-20 09-Dec-20

MX2880 Loop Test & Terminate I&C Devices 10 01-Dec-20 14-Dec-20

FLOW CONTROL STRUCTURE UPGRADESFLOW CONTROL STRUCTURE UPGRADES 61 27-Jul-20 21-Oct-20

FC0001 Install 54"  RAS Pipe from Flow Control to Rearea.on Basin 25 27-Jul-20 28-Aug-20

FC0020 Install Bulkhead in Center Channel 5 31-Aug-20 04-Sep-20

FC0030 Half Plant Outage (North BaDery) 1 08-Sep-20 08-Sep-20

S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A M J J A S O N D J F M A

Qtr 3 Qtr 4 Qtr 1 Qtr 2 Qtr 3 Qtr 4 Qtr 1 Qtr 2 Qtr 3 Qtr 4 Qtr 1 Qtr 2 Qtr 3 Qtr 4 Qtr 1 Qtr 2 Qtr 3 Qtr 4 Qtr 1 Qtr 2 Qtr 3 Qtr 4 Qtr 1Qtr 2

2018 2019 2020 2021 2022 2023

Flow Control Structure Upgrade Complete

Power House IPA Complete

New RAS Aera.on Basin Complete

Demo Exis.ng 24" RAS (Plant in ABF Mode)

Install 24"  Pipe to East Train

Install 24" Pipe to Middle Train

Install 24"  Pipe to West Train

Install 48" Yard Piping (30+00 to 37+55) (East Channel)

Install 48" Yard Piping (20+00 to 28+31) (West Channel)

Tie In 24" RAS Piping to PKG2A

Tie-In / Outage 48" BFV @ STA 37+55 / Final Connec.on at Blower Building

Test Air Piping (East)

Tie-In /Outage 48" BFV @ STA 28+31 / Final Connec.on at Blower Building

Test Air Piping (West)

Install 24"  LiveStops (If Required)

Open 24" Pressure Valve

Mobiliza.on

Survey / U.lity Locate

Install Dewatering

Temporary Shee.ng Shoring

Excavate and Compact

Underdrain Piping

Form and Pour Founda.on

Form and Pour Aera.on Tank Walls

Form and Pour Elevated Slab Walkway

Form and Pour Walls at 48" Air Header

Form & Pour Stair Pads

Water Test Structure

Misc. Metals / Stairs

Install Pipe Wall Supports for Diffuser System

Install DIP Process Piping

Pipe Coa.ngs

Install Parallel 48"/30"/24" DI Air Pipe (Channel)

Slide Gates

Install Fine Bubble Diffusers

Hydrosta.c / Water Test Structure

Pipe Insula.on (Blower Bldg)

Install Grounding

Rough-in Electrical @ Slab

Rough-in Electrical @ Walls

Install Site Ligh.ng

Installa.on of Electrical Gear

Pull & Terminate Feeders & Branch Wires from/to IPA#3

RAS System Checkout / Pre-Punchlist

Install I & C Devices

Loop Test & Terminate I&C Devices

Install 54" RAS Pipe from Flow Control to Rearea.on Basin

Install Bulkhead in Center Channel

Half Plant Outage (North BaDery)

The City of Memphis
T.E. Maxson Wastewater Treatment Facility

DATE:    11-Oct-17     Time:     11:25

P6 ID: 34629R6-CUP11

Run Date: 11-Oct-17

Date Date: 30-Sep-17 
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Remaining Level of Effort

Actual Work

Remaining Work

Critical R...

Milestone
Preliminary Schedule

PKG#2A2B Detail Schedule by WBS

Date Revision Checked Approved

18-Aug-17 Schedule Update - Workshop 8/18/2017 DS YH

02-Oct-17 Schedule Revison - Final Incorp. of Comments DS YH

10-Oct-17 Schedule Revision DS YH
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Attachment 3-  Alternative Analysis  

• November 27, 2013 Process Alternatives Evaluation TM 
 

• Maxson Disinfection Alternative Evaluation Report February 2017  
 

• Lagoon 5 Improvements Design Memorandum dated March 23, 2015 from Black & Veatch 
 

• T.E. Maxson WWTF Process Upgrades Conceptual Design Report dated June 2016 – Appendices 

are not included due to space limitations.  The full file is available upon request. 

 

• 1996 Preliminary Review of Alternatives 
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Technical Memorandum 
 
To:  Paul Patterson 
    Scott Morgan, PE 
    Mike Brower 
 
From:  CDM Smith Inc. 
 
Date:  November 27, 2013 
 
Subject:  T.E. Maxson WWTP Process Alternatives Evaluation 
	

1.0	Introduction	
The	T.E.	Maxson	WWTP	(Maxson	WWTP)	is	located	in	the	southwest	portion	of	Memphis,	
Tennessee	at	2685	Steam	Plant	Road.	The	WWTP	currently	treats	an	average	of	70	million	gallons	
per	day	(mgd)	of	wastewater,	serving	the	City	of	Memphis	(City)	since	its	commissioning	in	1975.	
With	upgrades	over	the	years,	the	current	liquid	treatment	process	consists	of	coarse	bar	screens,	
grit	removal,	recently	installed	fine	bar	screens,	primary	clarification,	high‐rate	biotowers,	
activated	sludge	and	secondary	clarification.	

The	City	is	currently	planning	an	upgrade	to	provide	disinfection	as	the	final	treatment	process	to	
meet	requirements	in	the	current	draft	National	Pollution	Discharge	Elimination	System	(NPDES)	
permit.	The	process	that	will	ultimately	be	selected	to	provide	disinfection	is	directly	impacted	by	
the	secondary	effluent	quality.	In	addition	to	the	need	to	address	effluent	quality	to	minimize	the	
costs	of	the	new	disinfection	process,	the	facility	is	experiencing	an	increase	in	wastewater	flows	
and	loads,	which	has	prompted	the	City	to	evaluate	the	existing	plant	and	operations	to	determine	
what	would	be	required	to	meet	the	original	design	flow	of	90	mgd.	As	a	result,	the	City	has	
requested	that	CDM	Smith	conduct	a	holistic	evaluation	of	the	liquid	processes	at	the	Maxson	
WWTP	to	address	the	following	objectives:	

 Solids	loading	and	clarifier	performance	to	ensure	disinfection	optimization;	

 Discuss	concerns	with	odor	control	at	the	plant,	particularly	at	the	existing	biotowers;	and	

 Potential	future	capacity	issues	at	the	plant.	

This	technical	memorandum	provides	a	summary	of	the	process	evaluation	and	includes	an	
analysis	of	the	biological	treatment	processes,	consideration	of	solids	loading,	clarifier	
performance,	biotower	process	performance,	and	capacity	related	issues.	Additional	evaluation	of	
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biosolids	handling,	which	was	not	identified	in	this	scope	of	work,	may	be	necessary	depending	
upon	the	improvements	selected	for	further	consideration.	

2.0	Evaluation	Approach	
Historical	plant	data	were	obtained	from	the	City	and	analyzed	to	develop	a	basis	of	evaluation	of	
the	plant.	Peaking	factors	for	the	average‐day	(AD),	average‐day	maximum‐month	(ADMM)	and	
maximum‐day	(MD)	loading	conditions	were	determined	based	on	this	analysis.	These	peaking	
factors	were	applied	to	the	plant’s	permitted	average	day	flow	of	90	mgd	as	a	basis	for	evaluating	
the	liquid	treatment	processes;	the	design	flows	and	loads	are	summarized	in	Table	2‐1.		
	

Table 2‐1 Influent Design Conditions 

Influent Parameters  AD  ADMM  MD 

Flow (mgd)  90  126  153 

BOD5 (ppd)  515,700  562,100  727,100 

TSS (ppd)  426,300  550,000  703,500 

TKN (ppd)  75,100  90,100  112,600 

TP (ppd)  15,000  18,000  22,500 

Minimum monthly Water Temp (deg C)  14  14  14 

	

Table	2‐2	provides	a	summary	of	the	current	draft	NPDES	requirements	at	the	permitted	average	
design	flow	of	90	mgd.	In	addition	to	permit	compliance,	this	evaluation	also	considers	the	need	to	
consistently	achieve	effluent	total	suspended	solids	(TSS)	of	less	than30	milligrams	per	liter	
(mg/L).	This	is	lower	than	the	concentration	required	for	discharge,	according	to	the	NPDES	
permit,	but	is	a	requirement	for	ultraviolet	(UV)	disinfection	to	be	a	feasible	disinfection	
alternative.	There	are	potential	impacts	on	the	solids	handling	processes	as	a	result	of	the	lower	
TSS	objective,	which	will	require	further	evaluation,	based	on	the	modifications	selected	for	the	
liquid	process.		

Table 2‐2 Effluent NPDES Requirements 

Effluent Parameter 
Maximum 

Daily 

Average 

Monthly 

BOD5 (mg/L) 
84 

(40% removal) 

42  

(85% removal) 

TSS (mg/L) 
96 

(40% removal) 

48 

(85% removal) 

	

There	is	currently	no	ammonia‐nitrogen	limit	in	the	NPDES	permit,	and	a	total	nitrogen	limit	is	not	
anticipated	in	the	foreseeable	future;	therefore,	nitrification	has	not	been	included	in	the	liquid	
treatment	process	evaluation.	However,	the	alternatives	have	been	developed	such	that,	if	
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nitrification	is	required	in	a	future	effluent	limit,	the	process	improvements	could	be	incorporated	
into	any	potential	upgrades	that	would	be	required	to	achieve	nitrification.	While	any	of	the	
alternatives	developed	could	be	later	upgraded	to	achieve	nitrification,	each	alternative	has	a	
different	site	footprint.	Generally	to	achieve	nitrification,	the	biomass	maintained	under	aerobic	
conditions	would	need	to	be	increased	by	approximately	four	times	over	that	identified	in	this	
evaluation,	which	results	in	the	need	for	additional	aeration	tankage	and/or	clarifiers.		

While	the	current	permit	does	not	include	nitrification	or	nutrient	removal	as	requirements,	there	
is	the	potential	that	nutrient	limits	will	be	implemented	in	some	future	permit	cycle.	The	driver	is	
implementation	of	State‐developed	nutrient	reduction	strategies,	which	are	a	major	focus	of	the	
Mississippi	River/Gulf	of	Mexico	Watershed	Nutrient	Task	Force	(Task	Force)	responsible	for	the	
national	strategy	to	reduce,	mitigate,	and	control	hypoxia	in	the	Northern	Gulf	of	Mexico	and	
improve	water	quality	in	the	Mississippi	River	Basin.	The	Task	Force	was	established	in	1997	and	
consists	of	5	federal	agencies	and	10	state	agencies.			

The	Task	Force	objectives	include	having	each	state	develop	and	implement	its	own	nutrient	
reduction	strategy,	which	provides	flexibility	for	tailoring	the	strategy’s	approach	and	components.	
At	the	same	time,	the	Task	Force	recognizes	that	all	state	strategies	need	to	include	certain	essential	
components	to	achieve	overall	goals.	The	participating	states	include	Arkansas,	Indiana,	Illinois,	
Iowa,	Louisiana,	Kentucky,	Minnesota,	Mississippi,	Missouri,	Ohio,	Tennessee	and	Wisconsin.	Most	
of	these	states	have	already	completed	their	strategies,	while	Arkansas,	Kentucky	and	Tennessee	
continue	to	work	on	completing	the	final	documents.		

While	Tennessee	has	yet	to	publish	this	guidance,	several	other	discharge	permits	in	the	state	
reference	the	approach	to	how	the	state	will	implement	its	nutrient	strategy.	The	Tennessee	
Department	of	Environment	and	Conservation	(TDEC)	has	been	developing	its	strategy	to	reflect	
the	goals	of	EPA’s	March	16,	2011,	Memorandum:	Working	in	Partnership	with	States	to	Address	
Phosphorus	and	Nitrogen	Pollution	through	Use	of	a	Framework	for	State	Nutrient	Reductions.	The	
Tennessee	approach	uses	regional	USGS	SPARROW	models	to	determine	the	required	performance	
level	from	WWTPs	within	hydrologic	unit	code	10	(HUC	10)	watersheds.		

TDEC	is	utilizing	the	“SPARROW”	model	(SPARROW	refers	to	SPAtially	Referenced	Regressions	on	
Watershed	attributes),	which	relates	in‐stream	water‐quality	data	to	spatially	referenced	
watershed	characteristics,	including	contaminant	sources	and	transport	factors	to	support	its	
strategy.	Tennessee	has	aggregated	the	South	Atlantic	Gulf	and	Tennessee	(SAGT)	region	model	
output	for	nitrogen	and	phosphorus	for	HUC‐10	watersheds	within	Tennessee’s	borders.	Thus,	for	
West	Tennessee,	output	from	the	Lower	Mississippi,	Arkansas‐White‐Red,	and	Texas	Gulf	River	
Basin	Model	(MRB5)	will	be	applied	with	the	focus	being	on	agricultural	reductions.	However,	this	
does	not	eliminate	the	possibility	of	nutrient	limits	in	WWTP	permits	in	future	permit	cycles.	It	is	
anticipated	that	if	limits	are	imposed	in	the	future,	TDEC	would	first	implement	seasonal	
nitrification	requirements	(i.e.,	summer	ammonia	limits).	If	additional	actions	are	deemed	
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necessary	as	the	strategy	is	implemented,	then	it	is	anticipated	that	TDEC	would	provide	these	
more	restrictive	limits	(total	nitrogen	or	total	phosphorus	limits)	in	a	phased	approach.	

2.1	Existing	Capacity	Evaluation	
The	current	average	flow	at	the	plant	is	approximately	70	mgd,	and	given	the	influent	wastewater	
strength,	the	plant	is	currently	at	or	above	its	original	design	influent	biochemical	oxygen	demand	
(BOD)	load.	With	an	increase	to	90	mgd	(design	flow),	the	treatment	objectives	cannot	be	met	with	
the	existing	plant	infrastructure.	Facility	improvements	will	be	required	to	accommodate	the	
increased	flow	and	load	in	order	to	meet	permit	requirements,	as	well	as	to	provide	adequate	
effluent	quality	for	implementing	UV	disinfection,	if	selected	as	the	preferred	disinfection	
alternative.		

The	activated	sludge	process	is	currently	operated	with	a	low	solids	retention	time	(SRT),	
approximately	one	day,	to	avoid	overloading	the	secondary	clarifiers.	While	the	plant	is	generally	
able	to	achieve	permit	requirements	using	this	approach,	this	mode	of	operation	is	unstable	and	
does	result	in	episodic	permit	excursions	with	respect	to	TSS.	However,	based	on	current	biotower	
performance	with	respect	to	soluble	BOD	removal,	it	is	not	possible	to	increase	the	SRT	with	the	
existing	volume	in	the	aeration	tanks	(even	including	the	volume	that	was	originally	designed	as	
aerobic	digesters),	which	are	undersized	to	handle	the	design	flow	from	the	biotowers	at	the	
current	loading	rate,	without	overloading	the	secondary	clarifiers.		

On	August	27th,	2013	CDM	Smith	facilitated	a	workshop	with	City	staff	to	discuss	current	plant	
operations	and	potential	technologies	appropriate	for	application	at	the	facility	to	meet	treatment	
requirements.	Several	process	alternatives	were	discussed	and	the	alternatives	were	narrowed	to	
the	most	feasible	options.	Figure	2‐1	provides	a	summary	of	the	processes	to	be	evaluated;	because	
each	unit	process	option	impacts	the	next	downstream	process,	alternatives	are	presented	as	a	
decision	tree.	For	example,	if	the	existing	biotowers	process	would	remain,	then	a	decision	would	
need	to	be	made	whether	it	is	more	cost	effective	to	add	intermediate	clarifiers	or	additional	
aeration	basin	volume.	In	summary,	three	comprehensive	process	alternatives	have	been	evaluated	
and	the	results	of	that	analysis	are	provided	in	this	memorandum.		
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Figure 2‐1 Alternatives Evaluation Decision Tree 

2.2	Biotower	Evaluation	
With	respect	to	the	decision	to	keep	or	eliminate	the	existing	biotowers,	CDM	Smith	evaluated	the	
performance	of	the	original	biotower	media	and	compared	performance	to	that	reported	for	new	
plastic	media,	based	on	the	projected	loading	to	the	process.	Four	biotowers	were	constructed	in	
1984	with	redwood	media;	two	additional	biotowers	were	installed	in	1997	with	western	cedar	
media.	The	media	is	past	its	anticipated	service	life	and	the	possibility	of	structural	failure	and	
collapse	of	the	media	support	structure	presents	an	ongoing	risk.	

The	performance	of	the	biotowers	could	be	improved	by	replacing	the	original	media	with	new	
media.	New	media	provides	a	significant	increase	in	the	surface	area	for	biofilm	growth,	resulting	in	
more	efficient	soluble	BOD	removal.	A	comparison	of	the	soluble	BOD	removal	by	the	existing	
original	media	and	the	anticipated	removal	by	new	media	is	shown	in	Figure	2‐2.	The	performance	
of	new	media	is	based	on	modeling	runs	completed	by	Brentwood	Industries	using	their	Cross‐
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Flow	Plastic	Media.	To	meet	the	treatment	objectives	at	the	design	flows	and	loads	using	the	
existing	biotowers	(if	they	remain)	it	will	be	necessary	to	replace	the	media.	The	impact	of	the	
biotowers	on	the	aeration	basin	loading	and	resulting	improvements	are	evaluated	and	discussed	
in	Section	3.0.		

Figure 2‐2 New and Existing Media Biotower Performance (% sBOD removal versus sBOD load) 

3.0	Treatment	Alternatives	
Three	treatment	alternatives	have	been	identified	for	detailed	evaluation	based	on	the	decision	tree	
presented	in	Figure	1.	The	requirements	of	each	alternative	are	described	in	this	section.	The	
evaluation	of	each	alternative	includes	a	description	of	the	required	modifications	to	the	liquid	
process	train	to	meet	the	current	draft	NPDES	permit	requirements	over	the	range	of	flows	and	
loads	associated	with	an	average	design	flow	of	90	mgd	(no	nitrification),	and	meet	the	TSS	
requirement	of	less	than	30	mg/L	on	a	consistent	basis,	for	UV	disinfection.	In	order	to	provide	a	
stable	activated	sludge	process,	a	minimum	SRT	of	2	days	was	selected	as	the	basis	of	design.	The	
implications	with	respect	to	the	solids	handling	process	are	noted	under	each	alternative,	but	

EPA-HQ-2019-004783   001731



	
	
T.E.	Maxson	WWTP	Process	Alternative	Evaluation	
November	27,	2013	
Page	7	

	

PW.XM1.6016.100015.03.04.Final TM Deliverable    LRG1658 Tech Memo.docx 

	

upgrades	to	accommodate	the	additional	sludge	handling	has	not	been	included	in	this	evaluation.	
It	is	recommended	that	the	City	review	the	solids	handling	processes	if	process	improvements	are	
advanced	beyond	the	conceptual	stage.			

3.1	Alternative	1:	Abandon	Existing	Biotowers	and	Expand	Activated	
Sludge	Process		
Alternative	1	includes	abandoning	the	biotowers	in	place	and	expanding	the	activated	sludge	
process	to	meet	treatment	requirements.	CDM	Smith	developed	a	desktop	tool	that	was	utilized	to	
determine	the	loading	to	the	activated	sludge	process	without	the	soluble	BOD	removal	provided	by	
the	biotowers,	so	that	process	modifications	could	be	identified	to	address	future	flows	and	loads	
associated	with	a	design	capacity	of	90	mgd.		

The	average	daily	design	flow,	including	sidestream	recycle,	to	the	activated	sludge	process	is	95.8	
mgd	with	an	ADMM	BOD	load	of	485,000	pounds	per	day	(ppd)	and	a	TSS	load	of	297,000	ppd.	
With	an	aerobic	SRT	of	2	days	and	a	mixed	liquor	suspended	solids	(MLSS)	of	3,400	mg/L,	29.7	
million	gallons	(MG)	of	aerobic	tank	volume	is	required.	The	existing	aeration	basins	provide	18.5	
MG	of	aerobic	tank	volume,	requiring	an	additional	11.2	MG	to	be	constructed.	New	aeration	basins	
would	operate	similarly	to	the	existing	system,	i.e.,	in	two‐pass	plug	flow	mode.	As	an	alternative	to	
this	bioreactor	configuration,	the	existing	and	new	tankage	could	be	modified	to	operate	in	step‐
feed	mode,	which	would	require	less	aerobic	volume;	however,	step‐feed	would	require	
modification	of	the	tanks	to	accommodate	multiple	feed	points.	The	total	aeration	tank	volume	
required	for	step‐feed	operation	is	24	MG	(versus	29.7	MG	in	conventional	mode),	which	would	
require	an	additional	5.5	MG	of	tankage	to	the	existing	system	to	be	constructed	(footprint	50,000	
square	foot	(SF))	instead	of	the	11.2	MG	required	for	the	conventional	mode.	

To	provide	adequate	clarification	with	one	unit	out	of	service,	12	secondary	clarifiers	are	required,	
assuming	a	sludge	volume	index	(SVI)	of	150	milliliters	per	gram	(mL/g).	This	SVI	is	characteristic	
of	a	well‐settling	biomass	and	in	order	to	consistently	achieve	this	level	of	performance,	an	
anaerobic	selector	should	also	be	anticipated	as	part	of	this	alternative.	Selectors	have	established	
proven	performance	at	many	operating	plants.	The	preliminary	sizing	of	an	anaerobic	selector,	
based	on	a	hydraulic	retention	time	(HRT)	of	1	hour	(forward	flow	only)	is	3.8	MG;	the	selector	
would	be	included	between	the	primary	clarifiers	and	aeration	tanks.	

The	return	activated	sludge	(RAS)	capacity	recommended	for	this	scenario	is	100%	of	the	average	
flow	(or	90	mgd).	The	existing	RAS	pumping	system	has	a	capacity	of	104	mgd	with	all	pumps	in	
service;	however,	due	to	the	proposed	location	of	the	new	clarifiers	it	is	recommended	that	a	new	
RAS	pump	station	be	constructed	and	dedicated	to	these	clarifiers.		The	total	solids	from	primary	
sludge,	combined	with	the	waste	activated	sludge	(WAS),	are	approximately	641,000	ppd,	or	3.6	
dry	tons	per	mgd,	on	an	ADMM	basis.	The	increase	in	WAS	can	be	accommodated	using	an	
additional	pump	with	disposal	to	the	existing	lagoons.	The	increase	in	primary	sludge	may	require	
longer	operation	of	the	solids	handling	process	with	the	existing	belt	filter	presses	(BFP),	or	require	
additional	units	to	be	installed.	
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Expanding	the	existing	activated	sludge	process	to	accommodate	these	loads	would	require	
construction	of	additional	aeration	tanks,	a	new	blower	building,	an	anaerobic	selector,	secondary	
clarifiers,	and	RAS	and	WAS	pumps	housed	in	a	new	pump	station.	This	alternative	would	also	
include	removal	and	disposal	of	the	media	in	the	biotowers,	though	the	structures	would	not	be	
demolished,	but	instead	abandoned	in	place.	It	is	recommended	that	the	biotower	structures	not	be	
demolished	as	the	space	is	not	required	for	other	needs	at	this	time	and	they	could	be	used	in	the	
future	if	required	to	meet	increased	loading	or	future	ammonia	limits	requiring	nitrification	be	
added	to	the	process.	Table	3‐1	provides	a	summary	of	process	upgrades	to	implement	this	
alternative.	The	analysis	conducted	for	Alternative	1	assumes	that	additional	blowers,	clarifiers	and	
pumps	would	be	provided	in	a	configuration	similar	to	conventional	plug‐flow	treatment.		

Table 3‐1 Expand Activated Sludge Process, No Biotowers 

Process Upgrades  
Future 

Required 
Existing 

New 
Construction 

Aeration 

Aeration Tank Volume (MG)  29.7  18.5  11.2 

Anaerobic Selector Tank Volume (MG)  3.8  0  3.8 

Aeration Tank Footprint (SF)  265,000  165,000  100,000 

Air Requirement (SCFM)  335,000  240,000  95,000 

Total Blower HP  19,000  9000  10,000 

Total Number of Blowers 
10 total

9 duty 
6  4 

Clarification 

Secondary Clarifier Units (135 FT Diameter)  12  8  4 

Solids  

WAS Pumping Capacity (MGD) 
13.5 total

9.0 duty 
9.0   4.5 

Total Number of WAS Pumps  3  2  1 

RAS Pumping Capacity (MGD) 
125 total

90 duty 
104  21 

Total Number of RAS Pumps 
8 total

6 duty 
6  2 

Total Solids Production (ADMM PPD)  641,000  NA  NA 

Total Solids Production (DT/MGD)  3.6  NA  NA 
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3.2	Alternative	2:	Upgrade	Biotowers	and	Add	Intermediate	Clarifiers	
Upgrading	the	existing	biotowers	with	new	media	would	significantly	increase	their	performance	
as	noted	earlier.	The	biotowers	could	remove	more	soluble	BOD;	however,	increased	solids	
concentrations	in	the	biotower	effluent	would	occur	because	of	increased	biomass	production	and	
resultant	sloughing.	These	solids,	if	not	removed,	would	increase	the	solids	loading	to	the	aeration	
tanks	and	significantly	impact	the	activated	sludge	process	capacity.	To	avoid	construction	of	
additional	aeration	tankage	and	upgrades	to	the	ancillary	systems	to	accommodate	these	solids,	
intermediate	clarifiers	could	be	added	downstream	of	the	biotowers.			

Conceptually,	six	(6)164‐ft	diameter	intermediate	clarifiers	would	provide	a	surface	overflow	rate	
(SOR)	of	706	gallons	per	day	per	square	foot	(gpd/sf)	at	average	daily	flow	(ADF)	and	would	
remove	an	estimated	330,000	ppd	day	of	solids.	The	resultant	ADMM	load	to	the	downstream	
activated	sludge	process	would	be	166,000	ppd	BOD	and	26,000	ppd	TSS.	With	an	aerobic	SRT	of	2	
days	the	existing	aeration	tank	volume	is	adequate	for	treatment	operating	at	a	MLSS	concentration	
of	1,600	mg/L,	requiring	no	upgrade	to	the	tank	volume	or	the	air	supply	system.	The	aeration	tank	
volume	required	for	this	scenario	at	a	MLSS	of	1,600	mg/L	is	18.5	MG.	In	addition,	there	is	sufficient	
spare	volume	within	the	existing	aeration	tanks	to	insert	an	anaerobic	selector,	sized	at	3.8	MG,	
negating	the	need	to	build	a	new	structure	for	the	selector.	Incorporating	an	anaerobic	selector	into	
the	existing	tankage	would	result	in	remaining	aerobic	volume	of	14.7	MG	and	a	resulting	MLSS	
concentration	of	1,900	mg/L.		In	addition,	due	to	the	lower	required	MLSS	concentration	and	the	
reduced	solids	load	to	the	clarification	process,	the	existing	8	secondary	clarifiers	and	sludge	
pumping	capacity	are	adequate.	The	existing	clarifiers,	with	one	unit	out	of	service,	with	a	SVI	of	
150	mL/g,	provide	a	SOR	of	900	gpd/sf	and	a	solids	loading	rate	(SLR)	of	24	ppd/sf	at	ADF	without	
the	selector	and	29	ppd/sf	at	ADF	with	the	selector	.	The	total	solids	produced,	including	primary	
sludge,	intermediate	sludge	and	WAS	is	approximately	816,000	ppd,	or	4.5	dry	tons	per	mgd	on	an	
ADMM	basis.	

This	alternative	would	require	media	replacement	in	all	six	biotowers,	biotower	odor	control,	six	
164‐ft	new	intermediate	clarifiers	and	an	intermediate	sludge	pump	station.	The	overall	depth	of	
the	media	in	the	biotowers	would	be	reduced	from	21	feet	to	approximately	18	feet	and	the	floor	of	
the	biotowers	could	be	raised	to	avoid	construction	of	an	intermediate	pumping	station	to	pump	
flow	to	the	aeration	tanks.		

Table	3‐2	presents	a	summary	of	process	upgrade	requirements	to	implement	Alternative	2.	
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Table 3‐2 Upgrade Biotowers and Add Intermediate Clarifiers 

Process Upgrades  Future Required  Existing  New Construction 

Biotowers 

No. Units (135 FT Diameter)  6  6  0 

Media Depth (FT)  18  21  18 

Odor Control 

Air Requirement (SCFM)  180,000  0  180,000 

Total Fan HP  600  0  600 

Intermediate Clarification 

Intermediate Clarifier Units (164 FT Diameter)  6  0  6 

Anaerobic Selector 

Tank Volume carved out of existing aeration 
tank (MG) 

3.8  0 
3.8 (modified 
existing) 

Solids  

Intermediate Sludge Pumping Capacity (MGD) 
2.3 total

2.0 duty 
0  2.3 

Total Number of Pumps 
7 total

6 duty 
0  7 

Total Solids Production (PPD)  816,000  NA  NA 

Total Solids Production (DT/MGD)  4.5  NA  NA 

Notes:	
1.	Odor	Control	requirements	based	on	V&A	Report.		

Alternative	approaches	to	providing	odor	control	for	the	biotowers	have	not	been	evaluated	in	this	
memorandum;	odor	control	was	the	subject	of	a	separate	evaluation	recently	conducted	by	V&A.	
However,	should	Alternative	2	be	selected	and	advanced	to	the	conceptual	design	stage,	it	is	
suggested	that	alternative	odor	control	approaches	be	carefully	considered.	One	option	that	has	
been	considered	for	similar	applications	includes	capture	of	odorous	air,	and	diffusing	it	into	the	
activated	sludge	system.	This	accomplishes	two	goals:	1)	treatment	of	odor	in	the	aerobic	biological	
process	in	the	aeration	tanks;	and	2)	use	of	the	ventilated	air	stream	as	the	source	of	process	
oxygen.	While	this	odor	control	approach	has	merit,	and	has	been	successfully	used	at	other	
facilities,	there	are	several	aspects	of	the	approach	that	are	disadvantages	and	need	to	be	carefully	
considered.	These	include:	

 The	condition/characteristics	of	the	odorous	air	and	the	impact	of	contaminants	in	the	air	
stream	on	the	process,	including	condensate	handling.	

 The	material	specifications	(and	cost)	that	may	be	required	to	provide	process	blowers	that	
can	suitably	compress	the	odorous	air	to	the	required	pressure.	
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 The	potential	constraints	this	approach	may	place	on	the	ability	to	adequately	control	
dissolved	oxygen	in	the	process	tanks,	due	to	the	inability	to	turn	down	the	ventilation	rate	of	
the	odor	control	system.	

3.3	Alternative	3:	Utilize	CEPT,	Upgrade	Biotowers	and	Expand	Activated	
Sludge	Process		
Alternative	3	includes	addition	of	chemical	enhanced	primary	treatment	(CEPT),	upgrade	of	the	
biotowers	with	new	media,	and	expansion	of	the	activated	sludge	process.	In	this	alternative,	
additional	solids	would	be	removed	in	primary	treatment,	reducing	the	load	on	the	biotowers	and	
the	downstream	activated	sludge	process.	Additional	aeration	tank	volume	would	be	required,	but	
at	a	lower	volume	than	Alternative	1.	

By	adding	CEPT,	the	solids	and	organic	loading	to	the	biotowers	could	be	reduced.	The	biotowers	
would	be	upgraded	with	new	media	to	further	reduce	soluble	BOD	loading	to	the	activated	sludge	
process.	As	a	result,	the	load	to	the	activated	sludge	process	would	be	335,000	ppd	BOD	and	
336,000	ppd	TSS	under	ADMM	loading	conditions.	With	an	aerobic	SRT	of	2	days	and	a	MLSS	of	
3,100	mg/L,	the	total	aeration	tank	volume	required	is	approximately	24	MG.	The	existing	aeration	
basins	provide	18.5	MG	of	aerobic	tank	volume,	requiring	an	additional	5.7	MG	to	be	constructed.	
Similar	to	Alternative	1,	12	secondary	clarifiers	would	be	required	to	provide	adequate	clarification	
and	a	new	3.8	MG	tank	is	required	for	the	anaerobic	selector.	Also	similar	to	Alternative	1,	step‐feed	
could	be	implemented	and	would	require	slightly	less	aerobic	volume	than	plug‐flow	tanks.	
Modifications	to	the	existing	aeration	tanks	would	be	required	to	accommodate	multiple	feed	
points.	Additional	blowers,	clarifiers,	and	pumps	would	be	the	same	as	for	conventional	treatment.	
The	total	aeration	tank	volume	required	for	step‐feed	is	19.6	MG	(vs.	24.2	MG	for	conventional),	
which	would	require	an	additional	1.1	MG	of	tankage	be	constructed	(footprint	of	10,000	SF)	
instead	of	the	5.7MG	required	for	the	conventional	mode.	

The	required	RAS	rate	for	this	scenario	is	82%	of	the	average	flow	or	74	mgd.	The	existing	RAS	
pumping	system	has	a	capacity	of	104	mgd	with	all	pumps	in	service;	however,	due	to	the	proposed	
location	of	the	new	clarifiers	it	is	recommended	that	a	new	RAS	pump	station	be	constructed	and	
dedicated	to	these	clarifiers.		The	total	solids	produced,	including	primary	sludge	and	WAS,	is	
approximately	726,000	ppd	or	4.0	dry	tons	per	mgd	on	an	ADMM	basis.	The	increase	in	WAS	can	be	
accommodated	using	an	additional	pump	with	disposal	of	biosolids	to	the	existing	lagoons.	The	
increase	in	primary	sludge	may	require	longer	operation	of	the	solids	handling	process	with	the	
existing	belt	filter	presses	(BFP)	or	require	additional	units	to	be	installed.	The	inert	chemical	solids	
from	the	CEPT	process	would	not	be	biodegraded	in	the	lagoons,	and	the	impacts	of	the	additional	
inert	materials	would	have	to	be	evaluated,	particularly	in	light	of	the	ongoing	work	on	Lagoon	#5.	
As	a	result,	the	chemical	sludge	from	the	primaries	may	require	an	alternate	disposal	method.		

This	alternative	would	require	a	chemical	feed	system	and	building,	media	replacement	in	all	six	
biotowers,	biotower	odor	control,	additional	aeration	tanks	and	one	new	blower,	secondary	
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clarifiers,	and	RAS	and	WAS	pumps.	Table	3‐3	presents	a	summary	of	process	upgrade	
requirements	to	implement	Alternative	3.			

Table 3‐3 CEPT, Biotower & Activated Sludge Upgrades 

Process Upgrades  Future Required  Existing  New Construction 

CEPT 

Chemical Feed System (ferric chloride)

‐ Four 9,000‐gal FRP storage tanks with 
pumps and controls 

1  0  1 

Chemical Feed System Building (SF)   2400  0  2400 

Biotowers 

No. Units (135 FT Diameter)  6  6  0 

Media Depth (FT)  21  21  21 

Odor control 

Air Requirement (SCFM)  180,000  0  180,000 

Total Fan HP  600  0  600 

Aeration  

Aeration Tank Volume (MG)  24.2  18.5  5.7 

Anaerobic Selector (MG)  3.8  0  3.8 

Aeration Tank Footprint (SF)  215,000  165,000  50,000 

Air Requirement (SCFM)  246,000  240,000  6,000 

Total Blower HP  14,000  9,000  5,000 

Total Number of Blowers 
7 total

6 duty 
6  1 

Clarification 

Secondary Clarifier Units (135 FT Diameter)  12  8  4 

Solids  

WAS Pumping Capacity (MGD) 
13.5 total

9 duty 
9   4.5 

Total Number of WAS Pumps  3  2  1 

RAS Pumping Capacity (MGD) 
125 total

90 duty 
104 total  21 

Total Number of RAS Pumps 
8 total

6 duty 
6  2 

Total Solids Production (PPD)  726,000  NA  NA 

Total Solids Production (DT/MGD)  4.1  NA  NA 
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4.0	Conceptual	Layouts	of	Alternatives	
This	section	presents	conceptual	level	layouts	for	each	alternative.	In	addition	to	addressing	
process	modifications	for	each	alternative,	the	layouts	identify	a	location	for	the	effluent	pump	
station	wet	well	and	disinfection	facilities,	which	have	been	evaluated	separately	as	part	of	the	
disinfection	study	and	would	be	incorporated	into	the	upgrade	alternatives.	

4.1	Alternative	1:	Abandon	Existing	Biotowers	and	Expand	Activated	
Sludge	Process		
Figure	4‐1	shows	a	conceptual	layout	for	Alternative	1	–	abandoning	the	existing	biotowers	and	
expanding	the	activated	sludge	process	as	described	in	Section	3.1.	The	existing	biotower	media	
would	be	removed	and	disposed	of	at	a	landfill.	In	order	to	provide	a	3.8	MG	anaerobic	selector,	an	
approximate	footprint	of	256	ft	x	128	ft	would	be	required	for	a	new	basin	with	a	sidewater	depth	
of	15	ft.	An	additional	11.2	MG,	or	100,000	square	feet	of	aeration	tank	volume	(operated	in	
conventional	mode),	would	be	required	for	this	alternative	and	has	been	preliminary	shown	west	of	
the	biotowers.	The	two	retrofitted	clarifiers	(Nos.	5N	and	5S)	would	not	be	used	due	to	hydraulic	
issues	and	the	space	could	be	repurposed	as	wet	wells	for	the	effluent	pump	station.	Four	
additional	new	clarifiers	are	required	and	could	be	located	adjacent	to	the	new	aeration	tanks.	The	
existing	blower	and	RAS	buildings	do	not	have	adequate	space	to	accommodate	additional	
equipment	and	a	new	building	is	required;	the	blower	and	RAS	building	has	been	shown	adjacent	to	
the	new	aeration	tanks	and	clarifiers.		The	disinfection	facility	would	be	located	between	the	two	
sets	of	secondary	clarifiers	as	a	central	point	for	the	secondary	effluent	to	combine	and	be	treated.	

4.2	Alternative	2:	Upgrade	Biotowers	and	Add	Intermediate	Clarifiers	
Figure	4‐2	shows	a	conceptual	layout	for	implementing	Alternative	2	–	upgrading	the	biotowers	
and	adding	intermediate	clarifiers.	The	existing	biotowers	would	remain	and	the	media	would	be	
replaced	with	“cross	flow”	type	high‐surface	area	media,	as	manufactured	by	Brentwood	Industries	
or	equivalent.	An	odor	control	system	would	be	provided	to	treat	air	from	the	biotowers	and	this	
system	would	be	located	adjacent	to	the	biotowers.	Six	intermediate	clarifiers	would	be	required	to	
remove	solids	prior	to	the	activated	sludge	process	and	could	be	located	to	the	east	of	the	existing	
biotowers.	To	avoid	the	need	to	pump	wastewater	from	the	intermediate	clarifiers	to	the	aeration	
tanks,	the	biotower	filter	depth	would	be	reduced	from	the	current	depth	of	21‐ft	to	18‐ft	and	the	
floor	of	the	existing	structures	would	be	raised.	A	sludge	pump	station	to	convey	the	settled	solids	
from	the	clarifiers	to	the	solids	handling	process	would	need	to	be	constructed	adjacent	to	the	
intermediate	clarifiers.	No	new	aeration	tank	volume	would	be	necessary,	and	there	would	be	
sufficient	volume	in	the	existing	aeration	tankage	to	convert	3.8	MG	into	an	anaerobic	selector.	The	
two	retrofitted	clarifiers	(Nos.	5N	and	5S)	would	not	be	reused	and	the	space	could	be	repurposed	
for	wet	wells	to	the	effluent	pump	station.	The	disinfection	facility	would	be	located	west	of	the	
secondary	clarifiers	at	the	end	of	the	treatment	process.		
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Figure No. 4-1
Alternative No. 1
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Figure No. 4-2
Alternative No. 2
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4.3	Alternative	3:	Utilize	CEPT,	Upgrade	Biotowers	and	Expand	Activated	
Sludge	Process		
Figure	4‐3	shows	a	conceptual	layout	for	Alternative	3	–	utilizing	CEPT	with	upgrades	to	the	
biotowers	and	the	activated	sludge	process.	To	implement	the	CEPT	process,	a	chemical	feed	
system	would	be	required	in	a	new	building	located	just	to	the	east	of	the	primary	clarifiers.	The	
building	would	be	located	adjacent	to	a	plant	driveway	to	facilitate	chemical	deliveries	(assumed	to	
be	ferric	chloride	for	this	analysis).	The	CEPT	building	would	house	chemical	storage	tanks,	pumps	
and	ancillary	mechanical,	electrical	and	instrumentation	equipment.	The	existing	biotowers	would	
remain	and	the	media	would	be	replaced	with	new	high‐surface	area	media	(as	noted	in	Alternative	
2).	The	biotower	depth	would	remain	at	21‐ft	deep.	An	odor	control	system	would	be	provided	to	
treat	air	from	the	biotowers;	the	odor	control	facility	would	be	located	adjacent	to	the	biotowers.	A	
3.8	MG	anaerobic	selector,	approximate	footprint	of	256	ft	x	128	ft,	would	be	required.	An	
additional	5.7	MG	of	aerobic	volume	is	required	for	the	activated	sludge	process	and	could	be	
located	adjacent	to	the	existing	tanks.	The	two	retrofitted	clarifiers	(Nos.	5N	and	5S)	would	not	be	
reused	and	the	space	could	be	repurposed	as	wet	wells	for	the	effluent	pump	station.	Four	
additional	clarifiers	are	required	and	could	be	located	adjacent	to	the	biotowers.	Due	to	hydraulic	
constraints	and	lack	of	space	in	the	existing	RAS	building,	a	new	pump	station	would	be	located	
central	to	the	new	clarifiers.	The	disinfection	facility	would	be	located	west	of	the	secondary	
clarifiers	at	the	end	of	the	treatment	process.		

5.0	Engineer’s	Opinions	of	Probable	Costs	
5.1	Basic	Assumptions	
For	this	study,	probable	capital	(construction)	costs	were	estimated	based	on	vendor	quotes,	
estimation	of	construction	quantities	and	building	spaces,	cost	information	from	recently	
completed	projects	and	other	relevant	sources.	Specific	capital	cost	estimating	factors	include	
indirect	costs,	contractor's	general	conditions,	contractor’s	overhead	and	profit,	contingencies,	and	
engineering	and	implementation.	Indirect	costs	include	costs	associated	with	permits,	sales	tax,	
insurance	and	bonds.	Adjustments	and	changes	made	during	subsequent	stages	of	design	would	
affect	the	estimates,	as	would	future	escalation	in	the	cost	of	materials,	labor,	and	equipment.	
Specific	capital	cost	factors	used	in	this	memorandum	to	calculate	the	probable	costs	include:	

Construction	Contingency	 	 	 	 30	percent	

Contractor	GC	Field	General	Conditions	 	 10	percent	

Contractor	GC	Indirects,	Overhead	&	Profit		 	 10	percent		

Contractor	Bonds	and	Insurance	 	 	 3.65	percent	

Planning,	Design	and	Construction	Services	 	 10	percent	

Utility	Administration,	Legal,	bonds	&	Insurance	 3	percent	
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Figure No. 4-3
Alternative No. 3

EPA-HQ-2019-004783   001742

MoodyMB
Rectangle

MoodyMB
Oval

MoodyMB
Oval

MoodyMB
Oval

MoodyMB
Oval

MoodyMB
Oval

MoodyMB
Oval

MoodyMB
Rectangle

MoodyMB
Rectangle

MoodyMB
Oval

MoodyMB
Oval

MoodyMB
Oval

MoodyMB
Rectangle

MoodyMB
Callout
Replace Biotower Media & Add Odor Control

MoodyMB
Callout
Aeration Blower

MoodyMB
Callout
Chemical Feed Building for CEPT

MoodyMB
Callout
Aeration Tanks

MoodyMB
Oval

MoodyMB
Oval

MoodyMB
Callout
Effluent PS Wet Well

moodymb
Line

MoodyMB
Callout
Secondary Clarifiers & RAS Pump Station

MoodyMB
Oval

MoodyMB
Rectangle

MoodyMB
Callout
Disinfection Facility

moodymb
Rectangle

MoodyMB
Callout
Anaerobic Selectors



	
	
T.E.	Maxson	WWTP	Process	Alternative	Evaluation	
November	27,	2013	
Page	18	

	

PW.XM1.6016.100015.03.04.Final TM Deliverable    LRG1658 Tech Memo.docx 

	

5.2	Opinion	of	Probable	Project	Costs	
The	capital	construction	costs	for	each	alternative	include	the	process	modifications	as	described	in	
the	previous	sections.	In	addition	to	the	process	modifications,	estimated	costs	for	potential	
electrical	modifications	required	to	support	the	process	modifications	and	to	retrofit	the	effluent	
pump	station	and	wet	well	were	included;	however,	no	actual	electrical	evaluation	or	
recommendations	were	completed.	The	electrical	costs	included	are	estimated	based	on	past	
relevant	projects.	For	planning	level	purposes,	the	electrical	upgrades	have	been	estimated	at	10	
percent	of	the	direct	construction	cost.		For	each	alternative	placeholders	of	$1	million	and	$3	
million,	respectively,	have	been	allocated	to	account	for	the	provision	of	a	new	or	modified	effluent	
pump	station	wet	well	(as	an	actual	design	concept	was	not	completed	as	part	of	this	study)	as	well	
as	the	addition	of	an	anaerobic	selector	for	biological	treatment	as	part	of	each	of	the	alternatives	as	
discussed	above.	Table	5‐1	provides	a	summary	of	the	Opinion	of	Probable	Project	Cost	(OPPC)	for	
each	alternative.	

Table 5‐1 Opinion of Probable Project Cost 

Alternative  Description 
Individual 
OPPC 

1 
No Biotowers

Expand Activated Sludge Process 

$78,000,000 Conventional 

($68,000,000 Step Feed) 

2 
Upgrade Biotowers &

 Activated Sludge Process 
$82,000,000 

3 
CEPT, Upgrade Biotowers &
 Activated Sludge Process 

$104,000,000 

	
For	Alternative	1,	which	does	not	utilize	the	existing	biotowers,	it	was	assumed	that	the	biotower	
media	would	be	removed	and	disposed	of	at	a	landfill	and	the	towers	would	be	abandoned	in	place.	
No	cost	was	added	for	demolition	of	the	tower	structures;	it	is	recommended	that	the	structures	be	
abandoned	in	place	as	the	space	is	not	needed	at	this	time	for	other	purposes.	Also,	it	allows	for	the	
biotowers	to	be	put	back	in	operation	in	the	future	if	the	loading	conditions	change.	In	addition,	the	
capital	cost	for	the	odor	control	system	identified	in	the	August	14,	2013	V&A	technical	
memorandum	is	included	in	both	Alternatives	2	and	3	at	the	previously	identified	cost	of	$7.2	
million.	CDM	Smith	has	not	independently	verified	the	sizing	of	this	facility	or	the	line	item	cost.	

5.3	Comparative	Operational	Costs	
To	compare	the	approximate	differences	in	operational	costs	among	alternatives,	chemical,	power,	
and	labor	costs	associated	with	each	alternative	have	been	developed	and	are	presented	in	Table	
5‐2.	Cost	assumptions	used	in	this	evaluation	include:	

Power			 	 $0.076	per	kilowatt‐hour	(kWh)	

Labor	Rate	 	 $40/hr.	

Ferric	chloride	(FeCl3)		$1.06/gal	(obtained	verbally	from	Kemira	for	36%	solution)	
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  Table 5‐2 Comparative Annual Operating Costs 

Alternative  Description 
Labor 

Cost 

Power 

Cost 

FeCl3 
 Cost 

Comparative Cost 

1 
No Biotowers 

Expand Activated Sludge Process 
$0  $5,400,000  $0  $5,400,000 

2 
Upgrade Biotowers &

 Activated Sludge Process 
$17,000  $4,200,000  $0  $4,217,000 

3 
CEPT, Upgrade Biotowers &
 Activated Sludge Process 

$250,000  $5,700,000  $2,100,000  $8,050,000 

			Notes:	
			1.	Operational	costs	are	for	alternative	comparison	only	and	do	not	reflect	total	plant	operating	cost.	

	
Power	costs	are	differential	costs,	based	on	major	motor	loads	that	are	included	in	one	or	more	
alternatives.	The	power	costs	do	not	include	those	that	apply	equally	to	all	alternatives.	The	process	
equipment	considered	for	the	comparative	power	consumption	includes:	

CEPT	chemical	feed	system	

Intermediate	pump	station	(from	primary	clarifiers	to	biotowers)	

Biotower	recirculation	pumps		

Biotower	odor	control	fans	

Intermediate	clarifiers	

Intermediate	sludge	pumps	

Aeration	tank	blowers	

Secondary	clarifiers	

RAS	and	WAS	pumps		

For	aeration	blower	power	estimates,	horsepower	requirements	were	estimated	based	on	average	
day	demand	(at	90	mgd),	assuming	six	months	per	season	based	on	winter	and	summer	air	
requirements.	The	biotower	odor	control	fans	were	based	on	a	ventilation	rate	of	30,000	cubic	feet	
per	minute	(cfm)	per	biotower,	as	determined	by	V&A	Consultants	in	a	technical	memorandum	
dated	August	14,	2013.	The	horsepower	requirements	for	the	odor	control	fans	were	not	included	
in	the	V&A	evaluation;	CDM	Smith	estimated	power	based	on	the	air	requirement	determined	by	
V&A	to	be	100	horsepower	(hp).	If	odor	control	is	to	be	implemented,	the	horsepower	requirement	
would	be	confirmed	during	subsequent	stages	of	more	detailed	engineering.	The	cost	of	odor	
control	media	replacement	for	the	odor	control	biofilters	has	not	been	included	in	this	evaluation.	
The	V&A	report	indicates	that	the	City	may	own	a	low‐	or	no‐cost	source	of	media,	but	it	should	be	
noted	that	the	media	may	need	to	be	replaced	every	3‐6	years	depending	on	loading	to	the	process.	
As	previously	discussed,	solids	handling	has	not	been	included	in	this	evaluation	and	the	associated	
impacts	to	operations	has	not	been	included	in	these	costs.	
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5.4	Summary	of	Life	Cycle	Costs		
The	approximate	difference	in	life	cycle	costs	associated	with	each	alternative	has	been	developed	
and	is	presented	in	Table	5‐3.	The	lifecycle	cost	includes	the	OPCC	for	construction	and	the	annual	
operating	costs	summarized	in	Table	5‐2.	Assumptions	used	in	this	evaluation	include:	

Planning	period	 20	years	

Discount	rate	 	 4.13	percent	

Inflation	rate	 	 3.00	percent	

Power	escalation	rate	 2.00	percent	

Table	5‐3	provides	a	summary	of	the	lifecycle	costs	of	the	three	alternatives	and	indicates	that	
Alternative	1	has	the	lowest	capital	cost	and	the	20‐year	present	worth	of	this	alternative	with	
higher	operations	costs	makes	Alternative	2	a	viable	option	as	well.	The	power	requirement	for	
aeration	is	the	significant	operating	cost	for	Alterative	1.	Utilizing	CEPT	(Alternative	3)	has	both	a	
high	capital	cost	and	a	high	operations	cost,	primarily	due	to	the	need	to	implement	capital	
improvements	in	primary	treatment,	biotowers	upgrades	and	the	activated	sludge	process.	
Additional	chemical	requirements	also	significantly	impact	the	operations	costs	of	Alternative	3.	

Table 5‐3 Total 20‐Year Life Cycle Comparison of Alternatives 

Alternative  Description  Capital Cost (OPPC) 
20 Year 

Operations 
Present Worth 

20 Year Total 
Present Worth 

1 
No Biotowers 

Expand Activated Sludge Process 

$78,000,000 Conventional

($68,000,000 Step Feed) 
$118,000,000 

$196,000,000 Conventional

($186,000,000 Step Feed) 

2 
Upgrade Biotowers & 

 Activated Sludge Process 
$82,000,000  $92,000,000  $174,000,000 

3 
CEPT, Upgrade Biotowers & 
 Activated Sludge Process 

$104,000,000

($94,000,000 Step Feed) 
$167,000,000 

$271,000,000

($261,000,000 Step Feed) 

	

5.5	Recommendations		
Although	a	solids	handling	evaluation	was	not	completed,	impacts	to	the	solids	handling	operations	
should	be	considered	and	fully	understood	in	determining	a	recommended	approach	for	expanding	
the	WWTP.	The	operation	for	solids	handling	for	Alternative	1	and	2	would	remain	essentially	the	
same	as	the	current	operation,	with	biological	solids	pumped	directly	to	the	lagoons	and	primary	
sludge	dewatered	and	discharged	to	the	lagoons.	The	existing	belt	filter	presses	may	be	adequate	
for	dewatering	the	increased	solids	by	extending	the	hours	of	operation	or	installing	additional	
units.	Alternative	3,	CEPT	with	activated	sludge	process,	produces	two	types	of	sludge;	an	
additional	chemical	sludge	is	produced	from	the	CEPT	process	and	will	require	that	the	sludge	be	
disposed	of	separately	from	the	biological	sludge.		
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Due	to	the	high	capital	and	operations	costs	of	Alternative	3	coupled	with	the	potential	complexities	
associated	with	handling	inert	solids	from	the	CEPT	process,	this	option	is	not	considered	a	viable	
alternative	and	can	be	eliminated	from	further	evaluation.	Alternative	1	and	2	are	both	feasible	
options	that	provide	their	own	benefits	to	the	WWTP.	A	summary	of	the	advantages	and	challenges	
of	each	of	these	two	alternatives	are	summarized	in	Table	5‐4.		

Table 5‐4 Non‐Cost Comparison of Alternatives 1 and 2 

  Alternative 1  Alternative 2 

Description  Abandon biotowers and expand activated 

sludge process. 

Upgrade biotowers and add intermediate 

clarifiers. 

Impacts to Process 

Configuration for Potential 

Future Ammonia Limit 

Aerobic SRT would have to be quadrupled 

(to 8 days) to nitrify year‐round. This would 

require a 4x increase in aeration basin 

volume to keep the same MLSS 

concentration of 3,400 mg/L (this assumes 

no additional secondary clarifiers).  Final 

configuration with step‐feed would have 96 

MG of aerobic tankage and 12 secondary 

clarifiers. Fitting the necessary aeration 

tank volume on the site may be marginally 

feasible.  

Aerobic SRT would have to be quadrupled (to 8 

days) to nitrify year‐round. This would require a 

2.25x increase in aeration basin volume and four 

additional secondary clarifiers.  Final 

configuration without step‐feed and the selector 

inside the existing aeration tankage would have 

33 MG of aerobic tankage and 12 secondary 

clarifiers, while increasing the MLSS from 1,900 

mg/L to 3,400 mg/L. The additional requirements 

are less than Alternative 1 because the MLSS 

concentration for Alternative No. 2 can be raised 

to equal Alternative No. 1 to offset additional 

aerobic tankage. 

Impacts to Process 

Configuration for Potential 

Future TN Requirements 

Sufficient soluble BOD for process to be 

expanded would be available. Anoxic 

process volume would need to be added; 

the anaerobic selector volume could be 

converted to provide at least a portion of 

the required anoxic volume. 

Biotowers would need to be removed, or at least 

the ability to bypass all or a portion of the flow 

around the biotowers would be necessary to 

provide sufficient soluble BOD to the activated 

sludge process. Anoxic process volume would 

need to be added; the anaerobic selector volume 

could be converted to provide at least a portion 

of the required anoxic volume. 

Odor Control  Biotowers and Intermediate Pump Station 

not required, eliminating this specific 

source of odor and need for control. 

Biotowers and Intermediate Pump Station remain 

and odor control system will be required. 

Additional Capacity/ 

Process Flexibility 

No ability to increase MLSS (3,500 mg/L) in 

existing tankage, 20 mg/L estimated 

effluent TSS. No additional process capacity 

available. 

Lower MLSS  (1,600 mg/L) requires 13.5 MG of 

aeration volume of the 18.5 MG available; 

process flexibility available to allow increase of 

MLSS in existing tankage; 10 mg/L estimated 

effluent TSS. 

Maintenance of operations 

during construction 

Existing processes can operate largely 

without impact during construction. 

Only one biotower can be out of service at a time 

for media replacement. 
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	Tables	5‐1,	5‐2	and	5‐3	show	that	on	an	economic	basis,	Alternatives	1	and	2	are	in	the	same	range.	
Alternative	1	is	more	economical	on	a	capital‐cost	basis,	and	Alternative	2	is	more	economical	on	an	
annual	operating	cost	basis,	and	has	a	lower	20‐year	life	cycle	cost.	Because	the	economics	are	
“close”,	the	right	alternative	for	the	plant	to	implement	therefore	must	result	from	a	considered	
weighing	of	the	non‐economic	factors	presented	by	each	option.		

The	most	critical	non‐economic	consideration	in	deciding	between	Alternative	1	and	Alternative	2	
is	the	potential	requirement	for	the	plant	to	achieve	nitrification	(either	year‐round	or	seasonal)	or	
total	nitrogen	removal	in	the	future.	As	indicated	by	review	of	Table	5‐4,	if	the	plant	is	required	to	
remove	ammonia	(to	nitrify)	in	the	future,	then	Alternative	2	would	be	the	preferred	option;	
however,	if	the	plant	is	required	to	remove	total	nitrogen	(to	denitrify)	in	the	future,	then	
Alternative	1	would	be	preferred.	At	this	time,	it	is	unknown	which,	if	either,	of	these	performance	
requirements	will	become	part	of	the	plant’s	discharge	permit.		

However,	it	is	possible	to	proceed	with	needed	process	upgrades	now	while	keeping	options	open	
for	meeting	future	permit	possibilities.	By	selecting	Alternative	1	now,	the	plant	would	implement	
the	lowest	capital	cost	option	now,	and	if	implemented	correctly,	could	maintain	the	flexibility	to	
best	address	future	permit	requirements	for	either	ammonia	or	total	nitrogen.	The	expansion	of	the	
activated	sludge	process	described	to	implement	Alternative	1,	consisting	primarily	of	new	aeration	
tankage,	clarifiers	and	supporting	systems,	would	be	sited	and	built	to	accommodate	further	
expansion	to	meet	potential	future	permit	requirements.	The	biotower	structures	would	be	
abandoned	in	place	but	not	demolished;	therefore,	it	would	be	possible	to	put	back	into	operation	
in	the	future	if	ammonia	removal	is	required.	In	addition,	the	siting	of	the	Alternative	1	facilities	
would	allow	for	site	footprint	to	be	allocated	for	intermediate	clarifiers	in	the	future	(east	of	the	
biotowers	as	shown	in	Alternative	2),	if	total	nitrogen	removal	is	required	in	the	future.	In	the	event	
that	a	future	nitrogen	limit	is	required,	the	biotowers	could	then	be	demolished	and	additional	
aeration	tankage	could	be	constructed	in	this	space.	

Because	of	its	flexibility	to	be	designed	and	arranged	to	be	suitable	for	future	adaptation	to	either	
ammonia	or	total	nitrogen	limits,	Alternative	1	is	recommended	for	implementation	at	this	time.		

	

EPA-HQ-2019-004783   001747



 

 

 

 

 

 

 

 

 

 

 

 

 

 

FINAL 

REPORT 

City of Memphis, TN 

February 2017 

 

Maxson Disinfection 

Alternative Evaluation 

Report

EPA-HQ-2019-004783   001748



 
 

  ii 

PW.XM1.6016.83104.03.01.Pilot Testing Reports.Maxson WWTP.Final Report/LRG1646 

 

Table of Contents  

Section ES  Executive Summary ................................................................................................................................ ES-1 

Section 1 Introduction .................................................................................................................................................... 1-1 

1.1 Facility Background ....................................................................................................................... 1-1 

1.2 NPDES Permit Requirements ..................................................................................................... 1-1 

1.3 Pilot Study Objectives ................................................................................................................... 1-3 

1.4 Pilot Study Evaluation Criteria .................................................................................................. 1-3 

1.4.1 Bacteria Inactivation ............................................................................................................................. 1-3 

1.4.2 Disinfection Byproduct Formation ................................................................................................. 1-4 

1.4.3 Summary of Evaluation Criteria for Pilot Testing .................................................................... 1-5 

Section 2 Pilot Testing Procedure .............................................................................................................................. 2-1 

Section 3 Pilot Results .................................................................................................................................................... 3-1 

3.1 Characterization of Maxson WWTP Effluent ........................................................................ 3-1 

3.2 Sodium Hypochlorite Test Results ........................................................................................... 3-3 

3.2.1 Chlorine, Demand, Residual and E. coli Disinfection ............................................................... 3-3 

3.2.2 Chlorine Design Dose for E. coli Disinfection .............................................................................. 3-6 

3.3 Peracetic Acid Test Results ......................................................................................................... 3-9 

3.3.1 Peracetic Acid Residual, and E. coli Disinfection ..................................................................... 3-11 

3.3.2 PAA Design Dose for E. coli Disinfection ..................................................................................... 3-13 

3.4 Disinfection By-Products .......................................................................................................... 3-16 

3.5 UV Disinfection Test Results ................................................................................................... 3-18 

3.5.1 Establishing UV Dose ........................................................................................................................... 3-19 

3.5.2 Validation of the Third-Party Bioassay ....................................................................................... 3-22 

3.6 Summary of Results .................................................................................................................... 3-25 

Section 4 Conceptual Cost Estimates ......................................................................................................................... 4-1 

4.1 Sodium Hypochlorite Disinfection System Cost .................................................................. 4-1 

4.1.1 Sodium Hypochlorite System Description as Basis of Cost .................................................. 4-2 

4.1.2 Summary of Hypochlorite System Capital Costs ....................................................................... 4-2 

4.1.2.1 Chemical Storage Facilities and Feed Equipment ............................................................. 4-2 

4.1.2.2 Site Work and Hydraulic Upgrades ......................................................................................... 4-3 

4.1.2.3 Instrumentation and Controls ................................................................................................... 4-3 

4.1.2.4 Electrical Upgrades ........................................................................................................................ 4-3 

4.1.2.5 Summary of Capital Costs ............................................................................................................ 4-4 

4.1.3 Operations and Maintenance Costs for Hypochlorite System .................................................... 4-4 

4.2 Peracetic Acid System Costs ....................................................................................................... 4-6 

4.2.1 PAA System Description as Basis of Cost ..................................................................................... 4-6 

4.2.2 Summary of Peracetic Acid System Capital Costs ..................................................................... 4-7 

4.2.3 Operations and Maintenance Costs for PAA System ...................................................................... 4-8 

4.3 UV Disinfection System Cost .................................................................................................... 4-10 

4.3.1 UV System Description as Basis of Cost ...................................................................................... 4-11 

4.3.2 Summary of UV System Costs .......................................................................................................... 4-11 

4.3.3 Operations and Maintenance Costs for UV System ................................................................ 4-13 

4.4 Lifecycle Costs Analysis ............................................................................................................. 4-14 

Section 5  Supplemental Testing & Evaluation ................................................................................................... 5-1 

EPA-HQ-2019-004783   001749



Table of Contents 

 

 

  iii 

PW.XM1.6016.83104.03.01.Pilot Testing Reports.Maxson WWTP.Final Report/LRG1646 

 

5.1 Supplemental Pilot and Bench Testing Objectives ............................................................. 5-1 

5.2 Supplemental Pilot and Bench Testing Results & Analysis ............................................. 5-1 

5.2.1 Supplemental PAA Pilot Test Results & Analysis ...................................................................... 5-1 

5.2.2 Supplemental UV Collimated Beam Results & Analysis ......................................................... 5-4 

5.2.3 UV/PAA Test Results & Analysis ...................................................................................................... 5-5 

5.3 Revised Conceptual Cost Estimates ......................................................................................... 5-6 

Section 6  Recommendations .................................................................................................................................... 6-1 

Section 7  References .................................................................................................................................................... 7-1 

 

Appendices 

Appendix A T.E. Maxson WWTP Process Alternatives Evaluation  

Appendix B  VigorOx® WWTP II Disinfection Process for the Maxson WWTP 

Appendix C  Maxson WWTP Supplemental Pilot & Bench Disinfection Testing Report 

 

List of Figures 

Figure ES-1 20 Year Lifecycle Analysis of Three Disinfection Options............................................. ES-3 

Figure 1-1 Process flow diagram of Maxson WWTP ................................................................................ 1-1 

Figure 2-1  Pilot Reactor System ....................................................................................................................... 2-1 

Figure 2-2  Common Feed Header System .................................................................................................... 2-1 

Figure 2-3  Parshall flume and feed pumps .................................................................................................. 2-1 

Figure 2-4  Chemical feed pump ........................................................................................................................ 2-2 

Figure 2-5  Sample Tap .......................................................................................................................................... 2-2 

Figure 2-6  TrojanSIGNA UV System ................................................................................................................ 2-2 

Figure 2-7  Process flow diagram of Pilot System at Maxson WWTP ................................................ 2-3 

Figure 2-8  IDEXX tray preparation .................................................................................................................. 2-5 

Figure 2-9  IDEXX tray sealing ............................................................................................................................ 2-5 

Figure 2-10 Incubated IDEXX trays ................................................................................................................... 2-5 

Figure 3-1  Chlorine dose range for pilot period ........................................................................................ 3-3 

Figure 3-2  Breakpoint chlorination curve (Metcalf & Eddy, 2003). .................................................. 3-4 

Figure 3-3  Observed versus predicted disinfection performance using the Chick-Watson 

model. .................................................................................................................................................... 3-5 

Figure 3-4  E. coli inactivation as a function of chlorine residual ........................................................ 3-6 

Figure 3-5  Chlorine demand as a function of color. ................................................................................. 3-7 

Figure 3-6  Chlorine demand as a function of UVT. ................................................................................... 3-8 

Figure 3-7  E. coli results as a function of applied chlorine dose ......................................................... 3-9 

Figure 3-8  Nosedo WWTP, Milan Italy. ........................................................................................................ 3-10 

Figure 3-9  PAA dose range for pilot period ............................................................................................... 3-11 

Figure 3-10 Observed versus predicted disinfection performance using Hom’s model .......... 3-12 

Figure 3-11 Bench test results for disinfection of Maxson effluent at 10, 15 and 30 contact 

times, for three PAA doses (testing conducted by FMC in support of cost proposal 

for PAA) .............................................................................................................................................. 3-13 

EPA-HQ-2019-004783   001750



Table of Contents 

 

 

  iv 

PW.XM1.6016.83104.03.01.Pilot Testing Reports.Maxson WWTP.Final Report/LRG1646 

 

Figure 3-12 E. coli results as a function of applied PAA dose at 15 minutes; additional benefit 

would be achieved at 30 minutes under average flow conditions ........................... 3-15 

Figure 3-13 E. coli inactivation as a function of PAA residual ............................................................. 3-16 

Figure 3-14 Toxicity equivalents for control and disinfected samples collected during pilot     

testing ................................................................................................................................................. 3-17 

Figure 3-15 TTHM results for control and disinfected samples collected during pilot         

testing ................................................................................................................................................. 3-17 

Figure 3-16 UV inactivation of E. coli in samples of Maxson WWTP effluent ............................... 3-20 

Figure 3-17 Example output from FloCAM® for samples collected from Maxson WWTP  ..... 3-21 

Figure 3-18 Average of all particle size distribution analyses corresponding to collimated beam 

tests conducted during the pilot period ................................................................................... 3-22 

Figure 3-19 Comparison of pilot test results to results predicted by validation equation ......... 3-24 

Figure 3-20 Measured versus predicted E. coli inactivation from collimated beam sample 

evaluation  ............................................................................................................................................. 3-24 

Figure 3-21 Comparison of all pilot test results to results predicted by validation equation ... 3-25 

Figure 4-1 Proposed layout for UV disinfection system equipment (5 channels with 4 banks of 

64 lamps per channel) ..................................................................................................................... 4-12 

Figure 4-2 Lifecycle costs for disinfection alternatives ........................................................................... 4-15 

Figure 5-1 Correlation between Measured Log Inactivation and Double Exponential Decay 

Model Predicted Inactivation ........................................................................................................... 5-2 

Figure 5-2 Comparison of Recent and Historical Collimated Beam Data ............................................ 5-5 

Figure 5-3 Model predicted combinations of PAA dose and UV fluence required to achieve a E. 

coli disinfection target of 126 cfu / 100 mL when applying the sequential UV→PAA 

treatment process. ................................................................................................................................ 5-6 

Figure 5-4 20 Year Lifecycle Analysis of Three Disinfection Options. .................................................. 5-7 

 

 

List of Tables 

Table 1-1  Effluent water quality characteristics at the Maxson WWTP ............................................ 1-2 

Table 1-2  Select NPDES permit effluent limits for the Maxson WWTP .............................................. 1-2 

Table 1-3  Analytical parameters based on TDEC Numeric Criteria for Fish and Aquatic Life . 1-4 

Table 1-4  Analytical parameters based on TDEC Numeric Criteria for Recreation ...................... 1-4 

Table 1-5  Summary of criteria for evaluation of disinfection technologies ..................................... 1-5 

Table 2-1  Analytical methods ............................................................................................................................... 2-4 

Table 3-1  Water Quality during Pilot Testing ............................................................................................... 3-2 

Table 3-2  Calculated PAA residual and dose to meet target E. coli concentration at 15 minutes 

contact time .......................................................................................................................................... 3-14 

Table 3-3  Calculated PAA residual and dose to meet target E. coli concentration at 30 minutes 

contact time .......................................................................................................................................... 3-14 

Table 4-1 Summary of capital costs for chlorination-dechlorination system ................................. 4-4 

Table 4-2 Summary of operating costs for chlorination-dechlorination system for current 

conditions ................................................................................................................................................. 4-5 

Table 4-3 Summary of operating and maintenance costs for chlorination-dechlorination 

considering upstream process upgrades .................................................................................... 4-6 

EPA-HQ-2019-004783   001751



Table of Contents 

 

 

  v 

PW.XM1.6016.83104.03.01.Pilot Testing Reports.Maxson WWTP.Final Report/LRG1646 

 

Table 4-4 Summary of capital cost for PAA disinfection system .......................................................... 4-8 

Table 4-5 Summary of operating and maintenance costs for PAA disinfection under current 

conditions ................................................................................................................................................ 4-9 

Table 4-6 Summary of operating and maintenance costs for PAA considering upstream 

process upgrades .................................................................................................................................. 4-9 

Table 4-7 Summary of capital cost for UV disinfection system ........................................................... 4-13 

Table 4-8 Summary of operating and maintenance costs for UV disinfection .............................. 4-14 

Table 4-9 Lifecycle analysis for disinfection alternative under current conditions and 

conditions assuming liquid process upgrades ....................................................................... 4-15 

Table 5-1 Required PAA CTs and Design Points .......................................................................................... 5-3 

Table 5-2 Relevant Influent E. coli Statistics .................................................................................................. 5-3 

 

 

 

 

 

 
 

EPA-HQ-2019-004783   001752



EPA-HQ-2019-004783   001753



 

ES-1 
PW.XM1.6016.83104.03.01.Pilot Testing Reports.Maxson WWTP.Final Report/LRG1646 

Section ES  

Executive Summary 

This report describes results of pilot and bench-scale testing conducted at the T.E. Maxson wastewater 

treatment plant (Maxson WWTP) in 2013 and 2015 as part of the City of Memphis Disinfection Study 

Project. Pilot scale testing in 2013 was conducted for sodium hypochlorite, peracetic acid (PAA), and 

ultraviolet (UV) disinfection to compare and determine disinfection efficacy. During the 2013 testing a 

portion of the plant’s treatment processes were being bypassed, potentially impacting the effluent 

water quality, and a significant industrial user came off line after the 2013 pilot testing. Supplemental 

pilot and bench-scale testing performed in 2015 was conducted for PAA, UV, and UV/PAA in 

combination to determine if there was an improvement in effluent water quality, and thus disinfectant 

performance, after these changes. The City of Memphis (City) has contracted with CDM Smith to 

evaluate potential process improvements that could improve effluent quality and process control. 

Using information from the process analysis for the Maxson WWTP and the design doses developed 

based on pilot and bench testing, CDM Smith prepared planning level capital, operations and 

maintenance cost estimates for each disinfection alternative. 

The original pilot scale testing began in March 2013. Pipe reactors were constructed on location in 

which plant effluent was treated with either sodium hypochlorite or peracetic acid. UV testing was 

also performed in a trailer mounted UV disinfection pilot from Trojan Technologies. Control samples 

were analyzed for color, UV transmittance (UVT) total suspended solids (TSS) Escherichia coli (E. coli), 

and disinfection by-products (DBPs). Treated samples were analyzed for E. coli and disinfection by-

products. Testing results with respect to recommended design doses are presented in this report, 

which is divided into five major sections. Testing objectives, background and permit requirements are 

described in Section 1, procedures are outlined in Section 2, results and recommendations for design 

doses are presented in Section 3, and conceptual cost estimates are summarized in Section 4. 

The results of the pilot scale testing showed that sodium hypochlorite and PAA could be effective for 

achieving bacterial inactivation to meet permit compliance for E. coli, which includes a monthly 

geometric mean of 126 colony forming units (cfu)/100 mL, with a daily single grab maximum of 487 

cfu/100 mL under current plant operating conditions. In addition to E. coli inactivation, DBP 

formation potential was evaluated for sodium hypochlorite and peracetic acid. Dioxin congeners were 

detected in the undisinfected effluent and sometimes persisted into the disinfected water. Disinfection 

did not increase the occurrence or concentration of dioxin congeners. Sodium hypochlorite was also 

found to form low concentrations of trihalomethanes (THMs) at the doses that were effective for 

disinfection. NDMA was not detected in any sample.  

Prior to proceeding with the disinfection design phase, the City and CDM Smith agreed that 

supplemental pilot and bench testing was necessary to determine the impacts the two changes at the 

Maxson WWTP had on disinfection efficacy. The supplemental pilot-scale testing began in early May 

2015 and concluded in early June 2015, while the UV/PAA bench-scale testing was conducted over a 

week in late September 2015. The supplemental testing had the following objectives: 

���� Refine the design criteria for PAA disinfection to meet disinfection limits  
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• Determine the kinetic model parameters to predict PAA disinfection efficacy across a range 

of doses and contact times 

• Determine the design dose for average conditions to support calculation of associated 

operating costs 

���� Confirm the UV disinfection design dose to support estimates of capital and operating costs 

���� Quantify and compare disinfection kinetics among several UV and PAA combinations including: 

• PAA alone, UV alone, UV followed by PAA, PAA followed by UV, simultaneous disinfection 

with UV and PAA. 

���� Propose a mechanistic model to describe the efficacy of the combined disinfectant 

The supplemental PAA pilot testing allowed for the development of a kinetic model to predict PAA 

disinfection efficacy across a range of doses and contact times. During the analysis of the dataset it 

was determined that a double exponential decay model provided the best correlation with the dataset, 

and it was shown to have a reduced spread between the data and the model, when compared to Hom’s 

Model or the standard CT model. Therefore, the double exponential decay model was utilized to 

determine the necessary CT values at the minimum, average and maximum design conditions. Table 

ES-1 summarizes the design criteria for the PAA system. 

Table ES-1: Required PAA CTs and Design Points 

Flow Conditions 
Flow 

(MGD) 
Required Log Inactivation CT* 

Permitted Average 90 3.92 87.1 

Peak Hour 170 3.82 74.1 

Daily Minimum 50 2.81 22.4 

*CT results include a 1.3x safety factor for scaling up to full scale 

The results from the recent collimated beam analysis were compared against the historical collimated 

beam data. It was found that there is no significant difference between the two datasets. Therefore, the 

water quality at the time of the 2013 sampling and the 2015 sampling yielded nearly identical 

collimated beam results. The supplemental pilot and bench testing data showed that a design UVT of 

20% would be more reasonable than the UVT value of 35%, which was utilized previously. 

The data from the bench testing of a combined UV/PAA disinfectant indicated that the most consistent 

and positive results occurred with UV followed by PAA. Although the results are promising, further 

research is required to accurately describe the effect of combined disinfection, and the economic 

analysis that was performed based on the results did not indicate significant economic savings 

through application of a combined disinfection system.  

Further discussions regarding the use of chlorine disinfection were had between CDM Smith and the 

City. Use of chlorine disinfection has lower lifecycle costs and similar capital costs to PAA disinfection, 

however the use of a chlorination disinfection system has additional permitting requirements that 

include additional testing under Section 3.6.1 of the permit, as follows, making the technology more 

challenging to implement:  

“3.6.1 Additional Permittee Submittals (If Chlorination Disinfection System Selected) 
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Permittee must provide the division with the types/amounts of specific chlorinated byproducts 

species to be in the Outfall 001 treated effluent and how newly generated byproducts are related 

to TRC according to the compliance schedule…”  

As a result of the additional testing required in the permit, it was determined that chlorine disinfection 

would no longer be considered. 

Based upon the supplemental testing performed in 2015, the conceptual costs for UV and PAA were 
revised. Comparative 20 year lifecycle costs for three alternative disinfection systems are illustrated in 
Figure ES-1. The first alternative is a PAA system with a contact tank providing 31 minutes of contact 
time at average flow, the second is a PAA system providing 31 minutes of contact team at peak flow, 
and the third is a UV system designed to treat effluent with a 20% UVT.  
 
 

 
Figure ES-1 20 Year Lifecycle Analysis of Three Disinfection Options 
 
Providing more contact time at average flow for the PAA system eliminated the need for quenching 

with sodium bisulfite, although the capital costs for a small sodium bisulfite was included for 

emergency use. Although the lifecycle costs of the UV alternative is lower than that of the two PAA 

alternatives, the City of Memphis and CDM Smith discussed the impacts caused by the variability of the 

low UV transmittance seen in the Maxson WWTP effluent. The variability likely stems from the change 

in processes and raw materials utilized by industrial users within the City’s collection system. In 

addition, the capital cost required to increase the UVT of the effluent via another treatment process, 

such as ozone, to make UV disinfection a viable option, is cost prohibitive for the City. Based upon 

Option 1  PAA Option 2 PAA

 253,000  489,000 20% UVT Design

cubic ft cubic ft UV System

Total Annual Cost $165,300,000 $142,000,000 $14,000,000

Total Capital Cost $11,500,000 $14,000,000 $26,200,000

Lifecycle Costs $177,000,000 $156,000,000 $40,000,000
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these discussions it was decided to eliminate UV from the list of disinfection alternatives. Therefore 

PAA disinfection is the recommended disinfection alternative to be utilized at the Maxson WWTP. 

Further analysis was performed to find the optimal combination of contact tank size and PAA dose to 

reduce the lifecycle costs. Results from the detailed cost analysis and the supplemental pilot data 

indicate that the most cost effective contact tank size to reduce overall lifecycle cost is 489, 235 cubic 

ft. As a result, the most cost effective disinfection alternative is PAA - Option 2. 

 

If the City opts to implement PAA disinfection and the associated secondary treatment upgrades to 

address chemical oxidant demands in the effluent, there are significant ancillary benefits to this 

decision. While PAA disinfection has the highest lifecycle cost, the low capital cost of the PAA 

disinfection system combined with the avoidance of additional permitting requirements as described 

above,  has resulted in PAA disinfection being the selected disinfection alternative for the Maxson 

WWTP. Additionally, proceeding in this direction may enable the City to address other major concerns 

regarding odor control and future capacity issues at the Maxson WWTP. 
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Section 1 

Introduction 

1.1 Facility Background 
Raw wastewater influent to the Maxson WWTP flows through coarse bar screens and aerated grit 

tanks for removal of large organic and inorganic constituents in the raw wastewater. From the grit 

tanks, flow passes through new fine bar screens before it passes to the primary clarifiers. Primary 

clarifier effluent is pumped to the activated biological filter towers which provide gross removal of 

wastewater organic constituents, followed by biological treatment in aeration tanks and secondary 

clarifiers before discharge into the Mississippi River. A process flow diagram for the Maxson WWTP is 

provided in Figure 1-1. 

                 

                                               Figure 1-1 Process flow diagram of Maxson WWTP 

 

A summary of historical effluent wastewater characteristics that are important in selection of a 

disinfection technology is provided in Table 1-1. The NPDES permit limits are included in the table for 

reference.  

1.2 NPDES Permit Requirements 
The current NPDES permit, number TN0020729, issued by Tennessee Department of Environment 

and Conservation (TDEC) authorizes the Maxson WWTP to discharge treated effluent from Outfall 001 

to the Mississippi River at Mile 725.0, pursuant to the permit limits and monitoring requirements 

specified in the permit. The facility, as noted in the permit, has a treatment design capacity of 90 

million gallons per day (MGD) with a peak hour hydraulic capacity of 170 MGD. The effluent limits for 

parameters relevant to the evaluation of disinfection processes are summarized in Table 1-2.  
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Table 1-1 Effluent water quality characteristics at the Maxson WWTP 

Parameter 

Daily Performance Data NPDES Limit 

Minimum 
observed 

Average  

or mean1 
Maximum 

observed 

Daily (minimum 

and) maximum 

Weekly 

maximum 

Monthly 

maximum 

Daily Flow (MGD)
2
 18 78 170 90

12
 - - 

BOD5 (mg/L)
3
 4 29 177 84 63 42 

TSS (mg/L)
4
 4 30 201 96 72 48 

pH
4
 6.2 7.3 8.5 (6.0) - 9.0 - - 

E. coli 
(cfu/100mL)

5 1.3 x 10
4
 

7.4 x 10
5
 

(5.2 x 10
5
 as 

geomean) 

5.7 x 10
6
 

(2.0 x 10
6
 is 99-

percentile) 

487 - 
126 as a 

geomean 

Apparent Color 
(PtCo units)

6
 

28 401 1152 - - - 

True Color (PtCo 
units)

7
 

8 109 496 - - - 

Apparent UVT (%)
8
 2 (13)

9
 25 50 - - - 

Filtered UVT (%)
10

 11 (31)
11

 41 58 - - - 
1
Arithmetic means were reported for all values except E. coli which is also reported as a geometric mean. 

2
Average daily influent flow values; period of record = 1/1/08-5/31/2013. 

3
Daily values taken from composite effluent samples; period of record = 1/1/08-5/31/2013. 

4
Daily values taken from period of record = 1/1/08-5/31/2013. 

5
Daily values taken from effluent grab samples; period of record = 9/14/2010-7/11/2013. 

6
Daily values taken from composite effluent samples; period of record = 6/28/2011-12/2/2012. 

7
Daily values taken from composite effluent samples; period of record = 6/28/2011-12/2/2012. 

8
Daily values taken from composite effluent samples; period of record = 8/11/2011-12/27/2011. 

9
In parentheses: lowest 10th percentile of apparent UVT data on record. 

10
Daily values taken from composite effluent samples; period of record = 8/11/2011-12/27/2011. 

11
In parentheses: lowest 10th percentile of filtered UVT data on record. 

12
The NPDES Permit value for flow is shown as a “permitted average capacity” and not as a limit. 

 

Table 1-2 Select NPDES permit effluent limits for the Maxson WWTP  

Effluent Characteristics 

Monthly Weekly Daily 

Maximum 

(Average) 

Maximum 

(Average) 
Maximum Minimum 

BOD5 (mg/L) 42 63 84 - 

BOD5 (lb/day)
1
 31,525 47,288 - - 

TSS (mg/L) 48 72 96 - 

TSS (lb/day)
1
 36,029 54,043 - - 

E. coli (cfu/100 mL)
2,3

 126 - 487 - 

Total Residual Chlorine (TRC) or 

Total Residual Oxidant (TRO) (mg/L)
1
 

- - 2.0 - 

pH (standard units) - - 9.0 6.0 

Total Dioxin (µg/L) 0.000001 - 0.000001 - 

1
These permit limits are subject to the pending NPDES permit appeal. 

2
The concentration of the E. coli group after disinfection shall not exceed 126 cfu per 100 mL as the geometric mean calculated on the actual 

number of samples for E. coli within the required reporting period. The permittee may collect more samples than specified as the monitoring 

frequency but, not at intervals of less than 12 hours. For the purpose of determining the geometric mean, individual samples having an E. 

coli group concentration of less than one (1) cfu per 100 mL shall be considered as having a concentration of one (1) cfu per 100 mL. 
3
The compliance schedule pertaining to E. coli permit limits is subject to the pending NPDES permit appeal. 
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1.3 Pilot Study Objectives 
In order to meet the new permit requirements, a new disinfection system will be required at the 

existing facility. While a desktop evaluation can provide planning level costs, the complex nature of the 

effluent, considering the significant industrial contributions to the WWTP influent, necessitates site-

specific data to identify engineering design criteria for the facility as well as the operational 

parameters that would allow the Maxson WWTP to meet both bacterial standards and limits for 

disinfection by-products (DBPs). In support of developing this information, a pilot study was 

conducted to evaluate three disinfection technologies that were previously identified as feasible 

options to meet NPDES permit requirements. Specific goals of the pilot project were to: 

� Determine the required disinfection dose, residual, and contact time to achieve compliance with 

Escherichia coli (E. coli) permit limits using sodium hypochlorite, UV, and PAA. 

� Identify how total suspended solids (TSS), ultraviolet transmission at 254nm (UVT) and color 

impact disinfection performance. 

� Characterize the potential formation of regulated DBPs for chlorination using sodium 

hypochlorite. 

� Evaluate process control options for disinfection using total residual chlorine or peracetic acid 

residual. 

� Develop comparative capital and operating cost estimates for each technology to support 

recommendations for selection and implementation of the disinfection method that most cost-

effectively meets the new permit requirements. 

1.4 Pilot Study Evaluation Criteria 
To meet the objectives of the pilot study, specific criteria for determining whether a disinfection 

alternative could meet the permit requirements were developed. The following sections include a 

description of the development of criteria for evaluation of bacteria inactivation and DBP formation.  

1.4.1 Bacteria Inactivation 

Considering the new permit limits that have been added for Escherichia coli (E. coli), it is important to 

evaluate the target removal that is required to provide discharge compliance. For the Maxson WWTP, 

treated effluent (which would be influent to the proposed new disinfection system) had an average, 

historical E. coli concentration of 7.4 x 105 cfu/100mL for the period of 9/14/2010 through 7/11/13. 

The maximum recorded E. coli concentration during this same period was 5.7 x 106 cfu/100mL. The 

permitted effluent E. coli limit includes a monthly geometric mean of 126 cfu/100mL and a daily 

maximum of 487 cfu/100mL, therefore the inactivation rates required to consistently meet the NPDES 

permit requirements were calculated as follows: 

Average Monthly Inactivation Rate Required
1
:  log(7.4 × 10

5
) - log(1.26 × 10

2
) = 3.8                   

Maximum Daily Inactivation Rate Required
2
:  log(5.7 × 10

6
) - log(4.87 × 10

2
) = 4.1   

1
Based on average of all observed data which slightly more conservative than using the geometric mean.  

2
Based on maximum of historic observed values. 

 
It is of interest to note that because the maximum effluent E. coli concentration is not substantially 

greater than the average value (i.e., there is not a high level of variability in the effluent bacterial 
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concentrations), the maximum inactivation rate is nearly the same as what is required for the average 

inactivation rate. Thus, considering that plant operations staff would not likely run the process on the 

edge of the compliance limit, it is recommended to use one half of the monthly geometric mean value 

(63 cfu/100 mL) in new permit to establish the baseline condition for operations. Thus, target 

operating limits that have been added for E. coli as follows in order to develop average operational 

doses for chlorine, PAA and UV disinfection: 

Average Operating Inactivation Rate Required
1
:   log(7.4 × 10

5
) - log(6.3 × 10

1
) = 4.1   

1
Based on average of all observed data which slightly more conservative than using the geometric mean.  

 

1.4.2 Disinfection Byproduct Formation 

In addition to discharge limits, TDEC may require additional investigations to characterize and control 

chlorinated DBPs, if chlorination is chosen as the preferred disinfection method. In the permit for the 

Maxson WWTP, Section 3.6.1., Additional Permittee Submittals (If Chlorination Disinfection System 

Selected), indicates that the Permittee must provide the division with the types/amounts of specific 

chlorinated byproducts species to be in the Outfall 001 treated effluent and how newly generated 

byproducts are related to TRC according to the compliance schedule provided in the permit.  

Further, TDEC water quality criteria for the receiving reach of the Mississippi River include standards 

for DBPs. The designated uses of the receiving reach of the Mississippi River in Tennessee are: 

Industrial Water Supply, Fish and Aquatic Life, Recreation, Livestock Watering and Wildlife, Irrigation 

and Navigation. The general water quality criteria for these designated uses are provided in the Rules 

of the TDEC Tennessee Water Quality Control Board Division of Water Pollution Control, Tennessee 

Code Annotated (TCA) Chapter 1200-04-03.  

The Fish and Aquatic Life and Recreation use in-stream water quality criteria contain parameters that 

are relevant to chlorine disinfection as summarized in Tables 1-3 and 1-4. These parameters provide 

the basis of the analytical testing of DBP formation. Criteria for Industrial Water Supply, Livestock 

Watering and Wildlife, Irrigation, and Navigation designated uses are narrative and do not contain 

additional specific chemical constituents of concern to disinfection. 

Table 1-3 Analytical parameters based on TDEC Numeric Criteria for Fish and Aquatic Life 

Compound 
Criterion Maximum Concentration 

(CMC) (µg/L) 
Criterion Continuous Concentration 

(CCC) (µg/L) 

Total Residual Chlorine (TRC) 19 11 

 
Table 1-4 Analytical parameters based on TDEC Numeric Criteria for Recreation 

Compound Organisms Only Criteria
1
 (µg/L) 

Dioxin
2
 0.000001 

Trihalomethanes (THMs) 

Bromoform 1400 

Chlorodibromomethane 130 

Chloroform 4700 

Dichlorobromomethane 170 

N-Nitrosodimethylamine (NDMA) 33 
1
 “Organisms Only” Criteria for Recreation refers to the protection of public health due to the consumption of organisms. Different criteria 

exist where the water impacts both the consumption of water and organisms, i.e. where the water is designated for both recreation and 

domestic water supply.  
2
 Total dioxin is the sum of all dioxin and dibenzofuran isomers after multiplication by Toxic Equivalent Factors (TEFs). 
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1.4.3 Summary of Evaluation Criteria for Pilot Testing 

Considering the NPDES permit and TDEC water quality requirements, a list of parameters were 

developed to aid in evaluating disinfection technologies (Table 1-5). 

Table 1-5 Summary of criteria for evaluation of disinfection technologies 

Parameter Objective Source of Requirement 

E. coli (post-disinfection) 
487 cfu/100 mL daily maximum;  

126 cfu/100 mL monthly maximum 
NPDES permit 

E. coli Inactivation 4.1 log 

Based on the NPDES permit limits and data 

on record regarding current effluent E. coli 

concentrations (see Section 2) 

TRC or TRO 2.0 mg/L 
NPDES permit; Also relevant to fish and 

aquatic life criteria 

Total Dioxin 0.000001 µg/L 
NPDES permit; TDEC Recreational use 

criteria for organisms 

THMs 

Bromoform 1400 µg/L Recreation use criteria for organisms 

Chlorodibromomethane 130 µg/L Recreation use criteria for organisms 

Chloroform 4700 µg/L Recreation use criteria for organisms 

Dichlorobromomethane 170 µg/L Recreation use criteria for organisms 

NDMA 33 µg/L Recreation use criteria for organisms 
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Section 2 

Pilot Testing Procedure 

Pilot tests were conducted at the Maxson WWTP between 3/5/2013 and 4/5/2013. Two chemical 

disinfection pilot reactors were constructed onsite using Schedule 40 PVC pipe and included flow 

control, flow metering, chemical injection points and in-line mixing. Sample ports were located along 

the length of the reactors that allowed sample collection at various time points. The flow rate through 

the PAA system was 100 gallons per minute (gpm), and flow rate through the hypochlorite system was 

25 gpm. A photograph of the chemical disinfection reactors are shown in Figure 2-1. The reactors 

were fed from a common header (Figure 2-2) with plant effluent pumped from the Parshall flume 

(Figure 2-3). Chemical disinfectants were pumped via diaphragm pumps into static mixers at the 

head of the pipe reactors (Figure 2-4). Water samples were collected from sample taps (Figure 2-5) 

located along the reactor length and that correspond to specific contact times.  

Figure 2-1 Pilot Reactor System 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
      Figure 2-2 Common Feed Header System             Figure 2-3 Parshall flume and feed pumps 
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        Figure 2-4 Chemical feed pump   Figure 2-5 Sample Tap 

 

The UV disinfection pilot trailer was rented from Trojan Technologies. The  system was housed in a 

semi-trailer near the Parshall flume. The TrojanSIGNA pilot was comprised of a stainless steel channel, 

a UV lamp bank containing eight Trojan solo lamps, an automatic lamp cleaning system, and an online 

UVT analyzer. The pilot unit is capable of treating up to 10 MGD when UVT values are at least 35%. 

Due to effluent UVT during the pilot period, flow was limited to about 7MGD. UV disinfected samples 

were collected using a dip sampler to grab samples directly from the channel, downstream of the UV 

lamps. The UV pilot system was fed from the inlet to the Parshall flume and discharged back into the 

effluent end of the Parshall flume structure. Flows ranged between 1MGD and 7MGD. A photograph of 

the TrojanSIGNA system is shown in Figure 2-6. A process flow diagram for the entire pilot system is 

shown in Figure 2-7.  

 

Figure 2-6 TrojanSIGNA UV System 
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The general procedures for disinfection tests were to set the PAA and hypochlorite feed pumps for 

specific feed rates to achieve targeted doses; the UV dose was set based on flow and UVT which was 

used to determine the lamp power setting for each experiment. After a stabilization period of 

approximately three average hydraulic retention times for the pilot system to reach steady state, 

control samples were analyzed for apparent color, UVT, TSS, E. coli, and DBPs in selected samples. 

Treated samples were analyzed for oxidant residual (for chemical oxidants), E. coli and DBPs in 

selected samples. The scope of the pilot was to characterize DBP formation potential for chlorine-

based disinfection, but selected DBP samples were also run for PAA tests to confirm that DBP 

formation is not a concern. Color and UVT were not evaluated in the treated samples because the 

influence of disinfection method on the effluent color was not a stated objective of this study. Control 

aliquots were obtained from the control sample port prior to disinfection and disinfected samples 

were collected at either the 15 or 30 minute sample port for additional testing to establish the 

performance of the set chemical dose. The disinfected samples were tested in the field for chemical 

residual, pH and temperature. Approximately once per week, several samples were also collected for 

shipment to an external laboratory to test for DBPs; these samples were collected and shipped on ice 

to Test America. Samples were analyzed for dioxins, NDMA, and THMs. 

The TrojanSIGNA UV pilot procedure was developed with the help of Trojan Technologies in order to 

verify applicability of the third-party validation that defines the reduction equivalent dose (RED) as a 

function of flow rate, lamp power, and UVT. For each experiment, UVT was measured and the system 

was set to a specific flow rate and lamp power. A RED was calculated based on difference between the 

concentration of E. coli in the disinfected sample and the control sample; the result was compared to 

the value predicted by the third party equation. A summary of the analytical methods used for testing 

is provided in Table 2-1. 

Table 2-1 Analytical methods  

Parameter Responsible party Method 

pH CDM Smith pH probe 

E. coli CDM Smith Standard Methods 9223 

TRC CDM Smith Hach DPD Kit 

Total Residual PAA CDM Smith 
Chemetrics PAA Kit 

EPA Method 330.5 

TSS City of Memphis laboratory Standard Methods 2540C 

UVT, Apparent  CDM Smith 
Single wavelength at 254nm using HACH 
DR5000  

Color, Apparent  CDM Smith Standard Methods 2420 

Dioxins 
CDM Smith  

(subcontract to specialty laboratory) 
EPA Method 1613  

THMs 
CDM Smith  

(subcontract to specialty laboratory) 
EPA Method 524.1  

NDMA 
CDM Smith  

(subcontract to specialty laboratory) 
EPA Method 8270 

Particle size analysis 
CDM Smith  

(subcontract to specialty laboratory) 
Digital imaging using FlowCAM® 
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Figure 2-8 shows the preparation of an IDEXX tray for E. coli analysis, and Figure 2-9 shows the 

IDEXX tray being sealed prior to incubation. After a 24-hour incubation period, IDEXX trays (Figure 2-

10) are examined under a black light to determine which cells contain E. coli. A most probable number 

of E. coli is calculated based on the number of wells that fluoresce. 

  

       Figure 2-8 IDEXX tray preparation 

 
                Figure 2-9 IDEXX tray sealing 

 

 

Figure 2-10 Incubated IDEXX trays 
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Section 3 

Pilot Results 

3.1 Characterization of Maxson WWTP Effluent  
The efficacy and efficiency of wastewater disinfection processes that could be implemented are 
integrally tied to effluent quality prior to disinfection. Applicability of chemical disinfection 
alternatives depends on oxidant demand, potential to form DBPs, and the presence of recalcitrant 
organic compounds that pass through the treatment process. The effluent water quality of the 
untreated (control) samples during the pilot testing period is summarized in Table 3-1 along with the 
NPDES permit limits, TDEC water quality criteria, and historical performance, described in Section 2.  
 
The strategy for implementation of the pilot study included consideration of timing to capture 

conditions when the lowest effluent quality could be tested. As a result, testing was targeted for late 

winter when temperatures are lowest and when plant staff has the most difficulty with plant 

operating conditions. Based on the effluent characterization data collected during the pilot and 

presented in Table 3-1, the effluent quality adequately reflected conditions that would provide 

information for developing engineering design criteria to meet permit compliance under the most 

difficult operating conditions.  

In general the results for parameters tested for control samples during pilot testing showed the 

following: 

� TSS during the pilot period were higher than historical averages for samples; while grab 

samples were not collected for BOD, the daily composites collected for permit compliance 

during this same period were also higher than reported in historical data. Specifically, the 

average BOD during the pilot period was 51 mg/L as compared to an average of 30 mg/L for the 

period between 1/1/2008 and 5/31/2013. 

� E. coli concentrations measured in pilot samples were within the range of historical 

concentrations. During the pilot period, the average E. coli concentration was 2.6 x 105 cfu/100 

mL compared to 7.3 x 105 cfu/100mL recorded between 9/14/2010 and 7/11/2013. 

� Color and UVT, which are parameters that can be used as indicators of the characteristics of 

organic carbon in the effluent, were measured; color during the pilot study was higher than 

historical data and UVT measured during the study was substantially lower than data previously 

reported in Table 1-1.  

DBPs including dioxins, trihalomethanes (THMs) and N-nitrosodimethylamine (NDMA) were 

measured; two dioxin congeners were detected at least once in the undisinfected effluent, and one 

OCDD, persisted into the disinfected water. Neither THMs nor NDMA were detected in any control 

sample.  
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Table 3-1 Secondary Effluent Water Quality during Pilot Testing 

Parameter Units 

NPDES Permit Limits
1
 TDEC Water 

Quality Criteria 

Average Value during 

Pilot Test Period 

Historical daily average 

concentration
2,3

 

Monthly Daily 3/1 -4/5  

E. coli cfu/100mL 
126  

(geomean) 
487 - 2.6×10

5
 7.3 x 10

5
  

BOD mg/L 42 84 - 51
5
 30 

TSS mg/L 48 96  42
5
 30.3 

Color, Apparent, Average PtCo Units - - - 562 401 

UVT, Apparent, Average % Transmittance - - - 17 27 

NDMA µg/L - - 33 0 - 

THMs 

Bromoform µg/L - - 1400 0 - 

Chlorodibromomethane µg/L - - 130 0 - 

Chloroform µg/L - - 4700 0 - 

Dichlorobromomethane µg/L - - 170 0 - 

Dioxins, Total
4
 µg/L 0.000001 0.000001 0.000001 0 - 

1
 Maximum average unless otherwise noted. 

2 
E. coli period of record is 9/14/2010 – 7/11/2013.  

3 
TSS period of record is 1/2008 – 5/2013. 

3 
Color, UVT period of record is 1/2010 – 5/2013. 

4
 Total dioxins is the sum of all dioxin and dibenzofuran isomers after multiplication by Toxic Equivalent Factors (TEFs). 

5
 Average value compiled from plant MOR data during piloting period.
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3.2 Sodium Hypochlorite Test Results 
Chlorination, by bulk liquid hypochlorite is a widely used disinfection method and could be used at the 

Maxson WWTP with construction of a chlorine contact basin and chemical feed and storage facilities. 

New instrumentation and programming would be required for process control and integration into 

the existing plant control system. For piloting at the Maxson WWTP, a 12.5% sodium hypochlorite 

solution was obtained from Ideal Chemical and fed using a Pulsatron Series MP diaphragm pump 

through a static mixer into the pilot reactor. The applied doses tested ranged throughout the study 

from 9 mg/L to 36 mg/L as shown in Figure 3-1.  

 

Figure 3-1 Chlorine dose range for pilot period 
 

3.2.1 Chlorine, Demand, Residual and E. coli Disinfection 

There are a number of disinfection process control strategies that can be employed to manage a 

chlorine based (here, sodium hypochlorite) disinfection system. Because there is a lag time in 

obtaining bacterial inactivation results, there is no “on-line” method that provides direct process 

control for disinfection. One method that has been used to control chlorine disinfection processes is to 

use chlorine residual which can be linked to process performance by developing an understanding of 

the process through testing.  

Inactivation kinetics of chlorine disinfection has been studied extensively, and has generally been 

described with expressions that combine process parameters such as disinfectant dose, contact time 

and microbial concentrations. The Chick–Watson formula is the oldest model that has been used and 

is based on the product of residual disinfectant concentration (C) and contact time (t).  
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��� ����� � 	
��� 

In the Chick–Watson formula N0 and N are the initial and final (i.e., after time t) microbial counts, LS is 

the specific coefficient of lethality (i.e., the disinfection efficacy when C and t are equal to 1) n is the 

dilution coefficient, which depends on the specific disinfectant, pH and temperature, and it is often 

close to 1 for chlorine based disinfection and can be applied successfully when treating water that has 

a consistent chemical demand. 

The model can be applied to wastewater disinfection with chlorine when there is certainty that a 

single mode of disinfection is used. With respect to chlorine disinfection, there are two different forms 

of chlorine that can be used to provide disinfection, either free chlorine or combined chlorine (or 

chloramines). When sodium hypochlorite is applied to wastewater effluent, hypochlorous acid is 

produced; and, if ammonia is present in the treated effluent at concentrations greater than about 2.0 

mg/L, hypochlorous acid will react with ammonia (NH3) to form chloramines:  

��� � 	����	 → 	�����	���������������� �	��� 

����� � ����	 → 	�����	� ������������ �	��� 

                            ����� �����	 → 	����	���������	��������� �� �	���       

While free chlorine (as hypochlorous acid) is a more powerful oxidant and has faster bacterial 

inactivation kinetics, achieving free chlorine disinfection depends on the amount of ammonia and 

organic compounds in the effluent. This process is well documented, and the breakpoint chlorination 

process is graphically depicted in Figure 3-2 (Metcalf & Eddy, 2003).  

 

Figure 3-2 Breakpoint chlorination curve (Metcalf & Eddy, 2003) 
  

It is important to note no significant free chlorine residual is produced unless the breakpoint is 

reached. Thus, in the case of the Maxson WWTP, it would not be feasible to overcome the ammonia 

concentrations in the effluent to achieve breakpoint chlorination because the facility is not required to 

nitrify. While chloramines are slower-reacting than free chlorine, they still provide excellent pathogen 

inactivation, given adequate contact time. Additionally, chloramination can also significantly reduce 
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the potential for production of DBPs. However, process control for a chloramine system, particularly 

for effluent with a complex composition, can be quite challenging.  

Process control for chlorine disinfection is typically based on total residual chlorine (TRC) control. The 

challenge in using this approach for chloramination is that for plants with complex effluent quality,  

chlorine reactive compounds, such as organic-nitrogen, nitrites, color, or other compounds, may exert 

a high chlorine demand prior to establishing a measurable residual. Peng (2009) showed that an 

organic-nitrogen concentration above 2-mg/L would form organo-chloramines (a.k.a. chloro-organic 

compounds), which although they contribute to the formation of TRC have negligible disinfecting 

strength. Additionally, organic color may be bleached by chlorine in competing reactions with 

formation of chloramines and can consume significant concentrations of chlorine. There are other 

inorganic reactions of chlorine with reduced substances such as sulfides, sulfites, nitrites, ferrous iron, 

and reduced manganese compounds which react with both free chlorine and combined chlorine. 

These reactions usually occur within the first minute at which point there is no measureable residual. 

As a result, it is important to conduct site specific testing to determine the target residual that will 

allow a facility to utilize TRC for effective process control (Szerwinski, et al., 2012). 

Pilot data was treated using the Chick-Watson model to determine kinetic parameters for determining 

design criteria for a chloramination disinfection system. When data were analyzed, there was a group 

of data that could not be fit with the model, as shown in Figure 3-3. The analysis showed that the 

model predicted significantly higher inactivation rates than were observed for some samples.  

 

Figure 3-3 Observed versus predicted disinfection performance using the Chick-Watson model 
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Data were reviewed to determine if the samples that were excursions from this normal disinfection 

model could be correlated to another effluent parameter measured during the study. It was 

determined that the majority of data that were excursions from the model were data collected at 30 

minutes. Closer evaluation of the data showed that there was no additional benefit of time in terms of 

bacterial inactivation and that the inactivation generally occurred during the first 15 minutes of 

contact time. However, this was not always the case, and use of this approach for process control 

could be challenging. 

In order to establish an approach to providing consistent process control, bacterial inactivation results 

were also plotted as a function of TRC (showing both 15 and 30 minute data) in Figure 3-4; a best fit 

was plotted for the 15 minute data (maximum flow design conditions) and compared to the 

operational inactivation requirement to set the average operating dose as described in Section 1.4.1. 

Based on the fitted data, a target residual of 10 mg/L should be used to meet the operational 

requirements for disinfection. 

 
 

Figure 3-4 E. coli inactivation as a function of chlorine residual 
 

3.2.2 Chlorine Design Dose for E. coli Disinfection 

In order to establish the basis for design, that is the average, minimum and maximum feed rates to aid 

in sizing chemical storage facilities and selection of pump sizes, it is necessary to determine the range 

of chlorine doses that provide the required residuals as described in the previous section. To 

determine the chemical dose that would need to be applied to achieve the target disinfection rates, the 
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oxidant demand must be satisfied. The oxidant demand which is operationally defined as the applied 

dose minus the residual can be added to the target residual to establish the design dose.  

Chlorine demand data as a function of color were plotted for doses less than 25 mg/L that provided 

measurable residuals (Figure 3-5). The 25 mg/L cutoff was used because these concentrations are 

beyond those that would be required to provide disinfection and more importantly, the interparticle 

chemical concentration gradients at these concentrations eliminate diffusion boundaries that impact 

disinfection efficacy and these factors cannot be accounted for in these tests. Chlorine demand data 

were similarly plotted as a function of UVT (Figure 3-6). In the case of color, there was no clear 

relationship between the effluent color and chlorine demand. For UVT, there is a slight, apparent 

relationship between effluent UVT and chlorine demand, however, this relationship is weak and not 

statistically significant.  

 

Figure 3-5 Chlorine demand as a function of color 
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Figure 3-6 Chlorine demand as a function of UVT 
 

Chlorination by application of bulk sodium hypochlorite was inconsistent for achieving required E. coli 

inactivation, (Figure 3-7). Results showed that when inactivation is achieved, the process is generally 

accomplished within the minimum 15 minutes contact time required by the Tennessee Design Criteria 

for Sewage Works for peak flow conditions, when doses are applied that provide a residual that would 

consistently be in excess of 10 mg/L. The challenge is that there are no clear process control 

parameters, other than total residual chlorine to help indicate when high chlorine demands would be 

observed. Thus, due to the highly variable nature of the efficacy of the process, it is recommended to 

set the sodium hypochlorite design dose at 20 mg/L for the purposes of this evaluation.  
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Figure 3-7 E. coli results as a function of applied chlorine dose 

3.3 Peracetic Acid Test Results  

Disinfection, by bulk liquid PAA is relatively new method of municipal wastewater disinfection in the 

US. However, this method of disinfection is gaining interest due to its ability to provide bacterial 

inactivation performance at costs competitive to other mature technologies without the formation of 

regulated DBPs. PAA has been applied to the food, beverage, medical and pharmaceutical industries as 

a disinfectant for many years and has been demonstrated for municipal wastewater disinfectant in 

Europe with PAA disinfection being applied for effluent reuse (with an E. coli limit of 10 cfu/100mL) 

at the largest WWTP in Milan, Italy (Nosedo WWTP with an average flow of 110 mgd) since 2006 as 

shown in Figure 3-8.  

PAA disinfection at the Maxson WWTP, by application of bulk liquid PAA, would require the 

construction of a new contact basin and construction of new facilities to house chemical storage and 

feed equipment, which  could be provided as part of a PAA solutions package from FMC. For piloting at 

the Maxson WWTP, a 15% PAA solution (VigorOx II) and a diaphragm pump were provided by FMC 

for testing. The PAA solution was pumped into the pipe reactor through a static mixer to achieve doses 

ranging from 4.5 to 15 mg/L as shown in Figure 3-9.  
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Figure 3-8 Nosedo WWTP, Milan Italy (image from: 

http://www.google.com/imgres?q=nosedo+milano+wwtp&um=1&sa=N&biw=1175&bih=645&hl=en&tbm=isch&tbnid=gCARV5pXzQnHKM:

&imgrefurl=http://www.bonatti.it/Projects/Nosedo-Waste-Water-Treatment-Plant-

Milan&docid=ivw6zuCUXowPKM&imgurl=http://www.bonatti.it/var/bonatti/storage/images/media/images/nosedo-waste-water-

treatment-plant_1/9247-1-eng-GB/Nosedo-Waste-Water-Treatment-

Plant_1_imagelarge.jpg&w=550&h=368&ei=SH_MUdPsOYLC4AOvmYDgCA&zoom=1&iact=hc&vpx=2&vpy=130&dur=297&hovh=184&hovw

=275&tx=138&ty=106&page=1&tbnh=140&tbnw=214&start=0&ndsp=20&ved=1t:429,r:0,s:0,i:81) 
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Figure 3-9 PAA dose range for pilot period 

3.3.1 Peracetic Acid Residual, and E. coli Disinfection 

There are a number of disinfection process control strategies that can be employed to manage a PAA 

disinfection system, but in general PAA has been operated using a dose pacing methodology. If the 

oxidant demand is variable, it can be paced using total residual PAA concentration, similar to use of 

TRC for chlorine disinfection. PAA residual control should be linked to site-specific performance data 

through testing, as conducted during this study. These site-specific water quality parameters could 

include color, chemical oxygen demand (COD), UVT, etc. 

The “CT” approach that is traditionally used for chlorine disinfection as previously described for 

chlorination is not fully adequate to assess the effectiveness PAA disinfection because of differences in 

chemical half-lives and, as a result, it necessary to capture the decay kinetics and combine these with a 

valid microbial inactivation model to describe the process. There are a number of models that have 

been developed to address this effect and most are generalizations of the Chick–Watson formula. 

Among the published models, Hom’s model is probably the most widely used to account for deviations 

from the first-order kinetics of the Chick-Watson formula.  

                                                                       ��� !""#$ � 	%��& 	                             

In Hom’s model, m is used to account for either shoulders or tailing which may occur from a number 

of different factors, but with respect to PAA disinfection, and it can be used to account for the shorter 

half-life of PAA. The model has been validated in several studies, showing that Hom’s model is the 

most appropriate for describing PAA disinfection of secondary wastewater effluent for coliform 

organisms (Rossi et al., 2007; Azzellino et al., 2011). These studies were evaluated because of the need 

to address process control for WWTPs in Italy that had switched to PAA disinfection to meet the 

rigorous Italian standards for DBPs. For data collected through laboratory testing at the Nosedo 
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WWTP previously described, Antonelli et al. (2011)  demonstrated that the PAA performance was 

consistent with the mathematical representation of the variables where:  

� k is the disinfection rate constant otherwise known as the specific coefficient of lethality and 

depends on the target organism (here, E. coli) and other factors such as bacterial association 

with TSS. 

� When n < m, t (contact time) is the primary factor affecting inactivation and longer contact times 

will provide additional disinfection benefit. 

� When  n ~ m, and t and PAA residual are similar in their effect on inactivation. 

� When n > m, chemical residual overrides contact time with respect to disinfection efficacy. 

� When m < 1, there can be a tailing-off behavior at very long contact times. 

Uncensored bacterial counts and residual measurements (i.e., results were greater than non-detection, 

which cannot be interpreted in the analysis of the model) were analyzed using Hom’s model. The 

predicted versus observed results for bacterial inactivation are shown in Figure 3-10. The detection 

limit for measurement of E. coli was 10 cfu/100 mL, the lowest measurable PAA residual was 0.6 

mg/L, and the and highest applied PAA dose used in the analysis 10 mg/L. Hom’s model data was 

adequate for representing the data collected during the study, and there were no clear outliers when 

data were censored as described.

Figure 3-10 Observed versus predicted disinfection performance using Hom’s model 

The kinetic parameters determined using Hom’s model are k = 0.6, n = 0.5 and m = 0.52 which are 

consistent with other studies of E. coli inactivation. Thus, data may be interpreted, with n ~ m, that 

contact time and residual are equally important factors affecting inactivation and longer contact times 
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will provide additional disinfection benefit. When m < 1, there can be a tailing-off behavior at very 

long contact times so there is a limit to which the additional benefit could be observed. In order to 

determine whether an increased contact time (from 15 to 30 minutes) would provide additional 

disinfection benefit, additional bench testing was conducted on a sample collected on July 22, 2013. 

Data from this test date for several PAA doses and contact times are shown in Figure 3-11. The data 

shows, as anticipated, that at PAA doses above 4 mg/L, there is a clear benefit to an increased contact 

time.. As a result, Hom’s model developed based on 15 minute pilot data could be applied to predict 

average performance at up to 30 minutes contact time.   

Figure 3-11 Bench test results for disinfection of Maxson effluent at 10, 15 and 30 minute contact times, 

for three PAA doses (testing conducted by FMC in support of cost proposal for PAA) 

3.3.2 PAA Design Dose for E. coli Disinfection 

In order to establish the basis for design, that is the average, minimum and maximum feed rates to aid 

in sizing chemical storage facilities and selection of pump sizes, it is necessary to determine the range 

of PAA doses that provide the required inactivation rates as described in the previous section. To 

determine the chemical dose that would need to be applied to achieve the target disinfection rates, the 

target dose was determined using the model developed in this analysis. Using the average effluent E. 

coli concentration and the operational target of 63 cfu/100 mL for a 15 minute contact time, a 

calculated target residual of 3.0 mg/L must be achieved as shown in Table 3-2. In order to achieve 

these target residuals, the oxidant demand must be satisfied and this value must then be added to the 

target residual to establish the design dose. Because the target residual concentration required for 

disinfection is > 2.0 mg/L, quenching (the equivalent of dechlorination for chlorine) would be 

required under the current draft NPDES permit. The estimated design dose was determined by adding 

the oxidant demand of 6.0 mg/L, which was determined by calculating the average over the entire set 

of pilot data, to the target residual. 
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Table 3-2 Calculated PAA residual and dose to meet target E. coli concentration at 15 minutes contact 
time 

Target Effluent Condition,                            

N (cfu/100 mL) = 
126 63 

Effluent E. Coli, N0 (cfu/100mL) log(N/N0) C168 Dose log(N/N0) C84 Dose 

500,000 -3.60 2.32 8.28 -3.90 2.71 8.67 

1,000,000 -3.90 2.71 8.67 -4.20 3.12 9.08 

2,000,000 -4.20 3.12 9.08 -4.50 3.57 9.53 

 

If the average contact time is longer than 15 minutes the data could be extrapolated using Hom’s 

model, as supported by data presented in Figure 3-11. Under this condition, it is possible to reduce the 

target residual under average operating conditions to less than 2.0 mg/L which would allow the 

facility to be operated without residual quenching, as shown in Table 3-3. 

Table 3-3 Calculated PAA residual and dose to meet target E. coli concentration at 30 minutes contact 
time 

Target Effluent Condition,                           

N (cfu/100 mL) = 
126 63 

Effluent E. Coli, N0 (cfu/100mL) log(N/N0) C126 Dose log(N/N0) C63 Dose 

500,000 -3.60 1.19 7.15 -3.90 1.39 7.35 

1,000,000 -3.90 1.39 7.35 -4.20 1.60 7.56 

2,000,000 -4.20 1.60 7.56 -4.50 1.83 7.79 

  

To determine whether there was a process control parameter that could be used to predict chemical 

demand, similar to the analysis conducted for chlorine, PAA demand was evaluated with respect to 

both color and UVT. In both cases, there was no apparent relationship between oxidant demand and 

color or UVT; and the graphs have not been shown. 

Figure 3-12 shows E. coli inactivation as a function of PAA dose, and Figure 3-13 shows E. coli 

inactivation as a function of PAA residual. These data represent the difficult operating conditions that 

were experienced during the pilot period. Figure 3-13 indicates that a higher target residual than 

predicted by the Hom’s model may be required to achieve disinfection compliance. The recommended 

design dose would be in excess of 10 mg/L as shown in Figure 3-12. Using the target residual of 7.0 

mg/L as indicated in Figure 3-13, a design dose of 13 mg/L can be established by adding the average 

PAA demand as described in the previous paragraphs. Thus, due to the highly variable nature of the 

efficacy of the process, it is recommended to set the PAA design dose at 13 mg/L. 
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Figure 3-12 E. coli results as a function of applied PAA dose at 15 minutes 
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Figure 3-13 E. coli inactivation as a function of PAA residual 

 

Disinfection by application of PAA was demonstrated to be effective for achieving required E. coli 

inactivation. Results show that inactivation is accomplished within the minimum 15 minutes contact 

time at peak flow, and there is additional benefit that is obtained with longer contact times. Thus, for 

the purposes of this evaluation it is recommended that the chemical contact time requirements for 

PAA be designed to be equivalent to the required contact time for a chlorine disinfection system.  
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Figure 3-14 Toxicity equivalents for control and disinfected samples collected during pilot testing  

Note: x-axis labels contain the date of the test, the type of disinfectant  

No bar indicates that the constituent was not detected. 

(CHL – hypochlorite, PAA – peracetic acid, CON - control (no disinfectant). All doses in mg/L). 

 
Figure 3-15 TTHM results for control and disinfected samples collected during pilot testing 

Note: x-axis labels contain the date of the test, the type of disinfectant  

No bar indicates that the constituent was not detected. 

(CHL – hypochlorite,  PAA – peracetic acid, CON -  control (no disinfectant). All doses in mg/L). 
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Dioxin test results showed that one congener, octachlorodibenzo-p-dioxin (OCDD), was present in the 

treated effluent at less than permit limits on three dates and the compound persisted through the 

disinfection treatment process on two events. In the test, performed on March 19, 2013, 1,2,3,4,6,7,8-

heptachlorodibenzo-p-dioxin (HpCDD) was detected in the undisinfected effluent, but it did not 

persist into the disinfected effluent. All other detections of dioxin compounds were less than the 

permitted limit of 1 pg/L. 

With respect to trihalomethane compounds, no chloroform was present in any control samples. On 

three dates, March 25, 2013, March 26, 2013, and April 2, 2013 chloroform formation was noted with 

addition of high doses of chlorine. No chloroform formation was associated with PAA addition. In all 

cases, the resulting concentrations of chloroform were orders of magnitude lower than the instream 

water quality criteria of 4,700 ug/L.  

3.5 UV Disinfection Test Results 
UV inactivation of microorganisms is a biophysical process; in practice, the primary germicidal activity 

occurs at a UV light wavelength of 254 nm. UV light at this wavelength alters the DNA of 

microorganisms and when sufficient UV dose is applied, microorganisms are rendered incapable of 

reproducing, effectively inactivating them. Thus, sizing of any UV disinfection system is based on 

delivering a required UV dose, which is a function of the UV intensity and the exposure time that 

wastewater is retained in the UV reactor. The equation used to calculate UV dose is shown below:   

UV Dose = I × t          

  Where:  I = UV intensity, in milliwatts per square centimeter (mJ/cm2) 
   t = exposure time, in seconds (s) 
   UV Dose, in mJ/cm2 or milliJoules per square centimeter (mJ/cm2) 
 
The actual UV intensity and exposure time required to deliver the necessary dose are a function of the 

UV system, operating parameters and water quality. Exposure time is ideally the average hydraulic 

retention time within the UV reactor (or the reactor volume divided by the flow rate). The actual 

exposure time is a function of reactor volume, flow rate, mixing conditions within the reactor and 

extent of short-circuiting.  

Water quality has the greatest effects on performance of a UV system because it can alter the UV 

intensity delivered within the reactor and, consequently, the UV dose received by the organisms in the 

wastewater. The most important water quality parameters are UVT and TSS concentration and TSS 

particle size distribution. UVT is the percentage of UV light, at 254 nm wavelength that is not absorbed 

(i.e. transmitted) after passing through a 1-centimeter water sample. As UV light passes through 

wastewater its intensity is attenuated by some substances. The relationship between UV intensity and 

transmittance is directly proportional, i.e., the higher the transmittance the higher the intensity 

available. TSS will absorb and scatter UV light, effectively lowering UVT. Additionally, the size of these 

solids affects the disinfection process; large suspended solids have the capability of screening or 

shading the target microorganisms, preventing them from receiving their required UV dose with 

larger particles having a higher impact. Thus, there is a generally accepted practical upper limit of TSS 

that can be effectively treated by UV disinfection of 30 mg/L. And, in the case of the equipment used in 

this study, Trojan Technologies will only guarantee process performance of their system in effluent 

that never exceeds 30 mg/L TSS. 
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3.5.1 Establishing UV Dose  

T1 is a nonpathogenic virus that is used in the validation of UV systems to approximate their 

effectiveness against target organisms such as E. coli. UV doses are often described as reduction 

equivalent doses (RED) meaning the UV dose that would inactivate a given amount of validation 

organism such as T1. In general, disinfection of E. coli in a typical secondary effluent requires a T1 

reduction equivalent dose (RED) of 15 - 20 mJ/cm2 to meet a 126 cfu/100 mL as a monthly geometric 

mean. However, there can be site specific factors that impact the effective dose and these are primarily 

related to the characteristics of the TSS particles in the effluent, as described above. Thus, in order to 

estimate the site-specific dose to meet disinfection compliance, a laboratory test called a collimated 

beam study should be conducted over a range of plant operating conditions. The collimated beam 

study involves collection of an undisinfected wastewater sample and exposing the sample, in a 

continuously stirred reactor (usually a petri dish), to increasing UV doses. The target microorganism is 

measured after each dose is applied and the results are plotted to establish the target dose.  

Collimated beam tests were run throughout the pilot study. Results from the collimated beam tests 

conducted during the pilot study are plotted along with the data from the bench test analysis 

conducted in September 2012 (CDM Smith, December 2012) in Figure 3-16. Results showed that, in 

general, E. coli inactivation below the daily maximum limit of 487 cfu/100 mL could be easily achieved 

at relatively low doses, from approximately 7 – 15 mJ/cm2 (see green circles in Figure 3-16). However, 

as the target effluent E. coli concentrations decrease to 126 cfu/100mL which is the monthly 

geometric mean and 63 cfu/100mL which has been set as an operational target, there is a greater 

variability in the required design dose (as shown by the brown and red circles in Figure 3-16).  

Thus, in order to consistently achieve the E. coli operational target, a design dose of as high as 37 mJ/ 

cm2 could be required. However, it is important to note that the TSS concentrations of samples tested 

were all in excess of 30 mg/L with the exception of three samples collected on September 17 and 18, 

2012 and a third sample on March 19, 2013. Thus, in many cases, the treatment efficiency was better 

than expected; however, there were other samples that would require in excess of 19 mJ/cm2, which is 

the design dose recommended by Trojan if a TSS concentration consistently below 30 mg/L could be 

achieved. 

It is important to note that the pilot testing was conducted during the most difficult operational period 

of the year to determine the feasibility of providing bacterial compliance using UV disinfection. Results 

from this study clearly indicate that it would be difficult to provide bacterial compliance under the 

highly variable effluent quality that is experienced at the plant. It is well-known that UV is an effective 

technology that can provide a cost effective approach to disinfection when a consistent effluent quality 

can be achieved. Thus the recommended design dose for UV disinfection is currently to be set at 

approximately 35 – 40 mJ/cm2. If upstream process improvements could be implemented to provide 

effluent TSS that is consistently below 30 mg/L, then it is possible to reduce the design dose to the 

design dose recommended by the UV equipment manufacturer of 19 mJ/cm2.   

  

 

 

 

EPA-HQ-2019-004783   001788



Section 3 • Pilot Results 

 

  3-20 
PW.XM1.6016.83104.03.01.Pilot Testing Reports.Maxson WWTP.Final Report/LRG1646 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3-16 UV inactivation of E. coli in samples of Maxson WWTP effluent 

 

Clearly there is a significant effect of TSS concentration on UV dose-delivery because particles can 

scatter UV light as well as shield bacteria within the TSS particles. This shielding effect is also a 

function of particle size. With respect to the actual range of particle sizes that can impact UV 

disinfection efficacy, the Water Environment Research Foundation (1999) indicated that 11 to 12 

microns is the particle size where particle shielding starts to affect disinfection. However, the extent to 

which bacteria associate with particles appears to vary widely and is site specific. Factors that affect 

bacterial association with particles include particle size, the nature of the particles, treatment type, 

and sludge age. Several studies have demonstrated that the protection provided by particles increases 

with particle size (Ho and Bohm, 1981; Qualls et al., 1983 and 1985). These studies showed that both 

the dose and the level of survival at which the dose-response curve begins to tail decreases with a 
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decrease in the size of particles. Particles larger than 20 microns have been clearly shown to be more 

important in shielding than smaller particles (Qualls et al., 1983 and 1985). 

As a result, it is of interest to characterize the size distribution of TSS from a given facility. The average 

TSS value for Maxson effluent during the pilot period was 51 mg/L, well above the historical average 

of 30 mg/L. Additional data was collected with respect to characterizing TSS in the samples that were 

collected for collimated beam testing. Data were collected using a FloCAM® particle size analyzer 

which is an automated particle analysis instrument that uses digital imaging for measuring size and 

shape of microscopic particles in a fluid medium. An example of the graphical output from the analysis 

is provided in Figure 3-17.  

 

Figure 3-17 Example output from FloCAM® for samples collected from Maxson WWTP 

 

A summary of the average particle size distributions of all TSS samples characterized during the pilot 

are shown in Figure 3-18. The information provided in Figure 3-18 shows that about 85% of TSS 

particles are smaller than 20 µm which could be why better than expected performance is sometimes 

observed for high TSS samples. The drawback to small particles is that they may not settle well in 

secondary clarifiers. 
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Figure 3-18 Average of all particle size distribution analyses corresponding to collimated beam tests 

conducted during the pilot period 
 

3.5.2 Validation of the Third-Party Bioassay 

For wastewater disinfection, there are formally recognized protocols for verification of UV equipment 

for specific applications. These include procedures described in the 1986 US EPA Municipal 

Wastewater Disinfection Design Guidance Manual (EPA, 1986) as well as the IUVA Uniform Protocol 

for Wastewater UV Validation (Whitby et al., 2011) which is focused on low dose applications for 

secondary effluent. These protocols provide validation of the performance of specific equipment over 

a prescribed operating range (flow, UVT, power, etc.) as defined by the manufacturer for a specific 

disinfection application (e.g., reuse or secondary effluent disinfection). Only UV systems that have 

been bioassay validated using one of the aforementioned protocols should be considered for 

application at the Maxson WWTP. 

At one time, UV doses were calculated based on a Point Source Summation (PSS) method, using the 

physical dimensions of a UV system, known UV lamp characteristics and expected UV transmittance, 

to calculate UV dose. The drawbacks to this approach were that the computed conditions in the UV 

reactor frequently did not reflect the true delivered UV dose. While numerous secondary wastewater 

UV disinfection systems worldwide have been successfully designed utilizing this method, there have 

been some capacity failures due to the “black box” design of the UV system in which the engineered 

safety factor is not well known. Bioassay validation of UV systems (in contrast to PSS) is based on data 

collected during validation testing. For bioassay validation of a UV system, surrogate organisms are 

used in lieu of the target organism, and hydraulic performance and real intensity distribution of the 

UV system are taken into account. 

There are a number of different surrogate organisms that have been used for sizing UV systems. And, 

while MS2 has most frequently been used as a standard surrogate organism in the UV industry, there 
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are drawbacks to use of this for sizing equipment systems for secondary effluent applications 

(Salveson and Bell, 2012). The objective for selecting a bioassay organism is to most closely match the 

dose-response of the target organism used in compliance monitoring. For inactivation of organisms 

such as total or fecal coliforms, where high UV doses are not necessary to achieve discharge 

compliance, T1 is the preferred surrogate organism. More detailed information on validation methods 

to account for reduction equivalent dose bias for wastewater UV reactors is provided by Wright et al. 

(2009). The bioassay equation developed for the TrojanSIGNA pilot was based on T1. Information 

collected during piloting was used to verify this bioassay for applicability at this site. The validation 

equation is based on lamp power, hours of bank operation, flow rate, and UVT.  

In order to validate the equipment for this application, a preliminary equipment layout was developed 

based on the collimated beam derived dose. The validation factor for T1 to E. coli is nearly unity (1) 

therefore the calculated T1 RED is nearly equal to the dose determined by the collimated beam 

testing. The proposed equipment configuration for the Maxson WWTP includes a layout with four 

banks in series. The number of channels will be finalized when the final design UVT is established. 

Thus, to interpret data collected during this evaluation, it is important to understand that the single 

bank in the pilot system represents only one-fourth (1/4) of the total design dose of a proposed 

system and the inactivation rates that are observed would represent roughly 1/4 of the design rate 

(e.g., ¼ * 4-log inactivation = 1-log  inactivation). 

To verify the applicability of the third party validation equation, inactivation data generated from the 

pilot test was compared to that predicted by the validation equation, using collimated beam test data. 

Figure 3-19 shows comparison of measured and predicted T1 RED which were considerably closer in 

value than anticipated, particularly considering that only one sample had a TSS value less than 30 

mg/L. That sample, collected on March 19, 2013 had a TSS of 28.7 mg/L; the difference in the 

measured RED was within 5-percent of the predicted value and is identified in Figure 3-19. The 

information shown in Figure 3-19 shows, that even at TSS concentrations that extend beyond 30 

mg/L, disinfection could be achieved for some samples, providing additional operational flexibility 

with respect to TSS. Plotted as measured versus predicted dose, a strong statistical correlation was 

noted as shown in Figure 3-20.  
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Figure 3-19 Comparison of pilot test results to results predicted by validation equation 

 

Figure 3-20 Measured versus predicted E. coli inactivation from collimated beam sample evaluation 
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In addition to the analysis conducted using collimated beam test data to confirm disinfection 

performance, daily E. coli grab samples were averaged to calculate the T1 RED. The challenge with this 

method is that the sample collected in the UV system influent is not the same “packet” of water that is 

collected at the effluent of the system, and additional variability is introduced into the calculation of 

dose. Nonetheless, the predicted dose calculated from the daily E. coli inactivation data showed good 

correlation with the predicted dose as shown in Figure 3-21. As noted previously, this is remarkable 

considering that a substantial fraction of samples had TSS values in excess of 30 mg/L.  

 

Figure 3-21 Comparison of all pilot test results to results predicted by validation equation 
 

In summary, the UV design dose as determined by collimated beam could be set at 19 mJ/cm2 

assuming that upstream process improvements could be implemented to consistently improve 

effluent water quality. Until the water quality is improved consistently, UV disinfection is not a viable 

option at the Maxson WWTP.  

3.6 Summary of Results 
As previously described, water quality has a strong impact on the design dose for any disinfection 

method. For sodium hypochlorite and PAA, chemical dose is impacted by chemical demand which can 

sometimes be predicted using online monitoring parameters such as color or UVT. However, in this 

evaluation there was no clear relationship allowing either UVT or color to support predicting chemical 

demand. As a result, for both of these processes, it is recommended to use the doses identified by 

evaluation of dose response and residual response relationships as described in Sections 3.2.2 and 

3.3.2. The recommended residual set point for design doses for sodium hypochlorite and PAA are 20 

mg/L and 13 mg/L respectively. In the case of both chemical disinfectants, because the residual 

concentrations that are required to meet bacterial compliance are high and in excess of the total 
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residual chlorine or total residual oxidant limit proposed in the permit a dechlorination or quenching 

system would be required. 

With respect to UV disinfection, as the plant is currently configured and operated, the process is likely 

not feasible. However, if other process improvements are implemented at the facility that would allow 

consistent TSS performance below 30 mg/L, it is possible that a design dose of 19 mJ/cm2, as a T1 

RED, could be applied; however, additional collimated beam tests would be recommended upon 

implementation of process improvements. Further, while UVT is relatively low in the plant effluent, 

there are equipment systems available that are validated to 15-percent UVT; process control for this 

type of system would be based on an internal program that uses flow and UV intensity sensor signals 

which change in response to UVT. And, while issues associated with low UVT may be overcome by 

increasing the UV intensity (by adding more equipment), this same approach cannot be used to 

address treatment for effluent with TSS higher than approximately 30 mg/L.  

The City of Memphis recognizes the impact of water quality on the disinfection process and the 

associated costs. As a result, a treatment process evaluation has been conducted to analyze potential 

process improvements that could improve effluent quality and process control. A copy of the process 

evaluation memorandum is provided in Appendix A. The recommendations in the process evaluation 

report provide a summary of process improvements that would allow the plant to consistently achieve 

TSS concentrations such that all three disinfection technologies are technically feasible.  
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Section 4 

Conceptual Cost Estimates 

Planning level cost estimates have been developed for implementation of chlorine, PAA and UV 

disinfection using the results obtained during this pilot testing as well as the process evaluation that 

was conducted to address effluent quality consistency. Costs developed in this preliminary analysis 

are based on general requirements of each system, including chemical storage requirements, energy 

costs and auxiliary equipment. These estimates rely on the use of previous estimates and historical 

data from comparable work, estimating guides, handbooks and costing curves, and are intended for 

planning purposes and comparing alternatives. For that reason, subtotaled and totaled costs have 

been rounded to two significant figures. Costs are provided in current (2013) dollars without 

escalation. The actual cost of any project will depend on actual labor and material costs for 

competitive bids, project complexity, competitive market condition, actual site conditions, final scope 

of work, implementation schedule, continuity of personnel and engineering.  

It is important to note that in all cases, conservative assumptions regarding equipment redundancy 

including EPA Class I Reliability guidelines were applied to each system. With more detailed 

engineering information, the equipment costs and associated contingencies could be reduced. 

Lifecycle costs were calculated using the following assumptions: project life of 20 years, 4.13 percent 

interest rate, 3.00 percent inflation rate, and 2.00 percent electric escalation rate, above the base 

inflation rate. Maintenance labor costs were estimated at a fully loaded labor rate of $40.00 per hour. 

4.1 Sodium Hypochlorite Disinfection System Cost 
Sizing a hypochlorination and sodium bisulfite dechlorination system requires experimental 

confirmation of the residual chlorine concentration (CR) that yields sufficient bacterial inactivation for 

a given contact time (T). With the design dose determined, sizing the components of a 

hypochlorination system is straightforward; because total residual chlorine is a permit requirement, 

dechlorination facilities are required. Operation of a bulk hypochlorite system is comparable to other 

liquid chemicals fed at treatment plants. Sodium hypochlorite solution can be added directly to the 

water from storage tanks with chemical feed pumps. Mixing is necessary at the point of chemical 

addition to optimize chemical use rates and can be accomplished with a chemical induction system 

with or without a mixer provided in the contact tank.  

While sodium hypochlorite does not require highly specialized equipment, the sizing, design and 

operation of a chlorination system with liquid sodium hypochlorite is specified under the Tennessee 

Design Criteria for Sewerage Works. Chapter 10.2 provides the specific design guidance for disinfection 

using chlorine, in absence of site-specific data: 

� Contact chambers shall be sized to provide a minimum of 30 minutes detention at average design 

flow and 15 minutes detention at daily peak design flow, whichever is greater.   

� The contact chambers should be baffled to minimize short-circuiting and back mixing of the 

chlorinated wastewater to such an extent that plug flow is approached.  

� For treatment facility designs of 0.5 mgd and greater, continuously modulated dosage control 

systems should be used. The control system should adjust the chlorine dosage rate to accommodate 
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fluctuations in effluent chlorine demand and residual caused by changes in waste flow and waste 

characteristics with a maximum lag time of five minutes. These facilities should also utilize 

continuous chlorine residual monitoring. 

4.1.1 Sodium Hypochlorite System Description as Basis of Cost  

At the Maxson WWTP, two of the existing clarifiers were originally constructed as chlorine contact 

tanks designed to provide the TDEC required detention time. While an existing structure is potentially 

available for renovation to its original purpose, it has been assumed that a new structure would be 

provided for providing the necessary contact time for disinfection. A bulk liquid hypochlorite and 

sodium bisulfite dechlorination system at Maxson will also require new equipment including a tank 

farm with bulk storage tanks and secondary containment, a chemical storage and feed building 

including chemical metering pumps and control, chlorine residual analyzers, injection and chemical 

mixing in the contact basins, and dechlorination chemical injection and mixing at the end of the basin. 

The required chemical storage and feed systems will include storage for 14 days of chemicals for 

average flows. All chemical feed pumps will be provided with the appropriate turndown and 

redundancy to meet EPA class I reliability guidelines.  

4.1.2 Summary of Hypochlorite System Capital Costs 

Cost estimates for the proposed modifications were obtained from CDM Smith’s construction services 

group, CCI.  Major equipment capital costs and construction cost estimates were developed and 

include new bulk hypochlorite and bisulfite chemical storage and feed equipment, electrical upgrades, 

instrumentation and controls, and necessary site work. Line item allowances for instrumentation and 

controls, electrical upgrades and other related facility modifications have been provided based on 

recent cost estimates from similar projects. While the exact size and layout of equipment will be 

determined during final design this section summarizes the assumptions used in developing cost 

estimates for the alternatives evaluation.  

4.1.2.1 Chemical Storage Facilities and Feed Equipment 

The new system includes a new chlorine contact tank to provide 15 minutes of contact time, as 

previously noted. Site/civil modifications will be required to provide chemical deliveries to new 

chemical storage facilities. Additionally, it is recommended to house chemical feed systems in a 

protected environment and it has been assumed that a new chemical feed building would be provided. 

While the geotechnical analysis has not been conducted, the chemical feed building may also require 

alleviation of buoyant forces since construction would potentially be in the levee zone; conservative 

costs have been provided to account for such construction conditions. 

Chemical storage will be provided in tanks located outdoors with appropriate secondary containment; 

planning level costs have assumed that the storage time for sodium hypochlorite is 14 days because 

Memphis has ready access to chemical suppliers that can provide adequate frequency of chemical 

deliveries.  A 30-day upper limit for storage should be not be exceeded, even if chemical use rates 

decrease during certain periods because sodium hypochlorite solutions are unstable and will 

decompose during storage. The degree of decomposition increases with the length of storage, 

temperature, exposure to sunlight, impurities in the solution, and decreasing pH; off-gassing can also 

be an issue with extended storage periods.  

The chemical feed building will be constructed from durable materials that can be easily maintained 

and will be consistent with the architectural finishes already onsite. This design will meet the 

hazardous building type criteria for the type and quantity of materials to be stored and the hazardous 
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building type will be designed to meet the required local codes. Personnel safety equipment, 

emergency showers/eye washes and other necessary equipment will be provided. An automatic 

sprinkler system may be required for the chemical storage building and these discussions will be 

coordinated with the local fire marshal at 30% design to confirm if an emergency sprinkler system 

and any other emergency systems are required.  

As the basis for developing costs, it has been assumed that the new chlorine contact tank could be 

located approximately south of the existing final (retrofitted) clarifiers with a new chemical feed 

building located in the vicinity. While the exact location of the building would be determined during 

final design, the size of the building would be approximately 50-ft by 50-ft in plan; it will also have an 

electrical room and maintenance room. The containment areas for chemical feed equipment in the 

building will be coated to protect the concrete against accidental chemical spills and will require a 

large pad size; and, the feed equipment for different chemicals will remain in separate containment 

areas to prevent accidental mixing of spilled chemicals.  

4.1.2.2 Site Work and Hydraulic Upgrades 

In order to facilitate chemical deliveries, provisions for minor site improvements have been included 

in this cost. In addition to providing for chemical delivery to new chemical storage facilities, which 

have been assumed to be an outdoor tank farm with appropriate secondary containment as noted 

above, yard piping and other hydraulic upgrades may be necessary to move chemicals from the 

storage areas to day tanks and ultimately the final feed point. The costs have included an allowance for 

these improvements. Effluent flow monitoring for implementation of dose pacing and residual control 

will be necessary for process control for any of the disinfection alternatives. However, because this 

cost will be similar for all three alternatives, it was not considered a differentiator in the process 

evaluation and has not been included in the cost estimate; the most cost-effective method of flow 

monitoring will be determined during detailed design. 

4.1.2.3 Instrumentation and Controls 

A new control system shall be put in place to monitor and control the sodium hypochlorite system 

which includes online instrumentation for total chlorine residual analysis. Signals from the online 

analyzers will be used to provide automatic control for sodium hypochlorite and sodium bisulfite feed. 

All Input/Output (I/O) signals from the disinfection system shall be hardwired to a PLC located at the 

chemical feed building. Additional coordination will be required with the plant staff to provide that 

the proposed system can be integrated into the existing plant process control system.    

4.1.2.4 Electrical Upgrades 

Electrical requirements for equipment such as analyzers and chemical feed pumps  is quite low 

compared to other major equipment at a wastewater treatment facility and based on the experience 

from sizing electrically operated equipment for other chemical disinfection systems, the total 

connected load of the disinfection system is often a small part of the overall power draw with the 

majority of the connected power being required for heating/ventilating/air conditioning equipment 

for support structures. The chlorination and dechlorination processes require several small motors in 

the range of approximately 5 horsepower. The largest process motor loads are anticipated to be 

equipment to provide chemical induction and rapid mix. Generally, the electrical requirements for 

hypochlorite systems would be rated for 480-V, 3-phase or 240-V, 3-phase power, depending upon the 

equipment selected for installation. Instrumentation devices, such as level sensors, analyzers, 

samplers, receptacles, light fixtures and other miscellaneous loads will be designed to operate on a 
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120-V, 1-phase power source. Considering these factors, a typical electrical allowance has been 

provided as a percentage of the chemical facilities costs.  

4.1.2.5 Summary of Capital Costs 

A summary of the capital costs for the sodium hypochlorite disinfection system described here is 

provided in Table 4-1 using the hypochlorite dose information obtained from the pilot testing 

performed in 2013.  

Table 4-1 Summary of capital costs for chlorination-dechlorination system 

 
* Lump Sum 
 

4.1.3 Operations and Maintenance Costs for Hypochlorite System 

The key operations costs are related to the chemical use; however, it is also anticipated that it would 

take a full-time employee to monitor and maintain the system to provide consistent disinfection 

performance and optimize chemical use, year round. Using this information and the design doses 

previously described, a calculation of the annual operations costs associated with current process 

conditions is provided in Table 4-2; the sodium hypochlorite chemical dose also includes a 30-

percent scale up factor for mixing and dispersion taking the recommended 20 mg/L dose to 26 mg/L 

for the purposes of cost estimating. It should also be noted, that while the equipment estimated for 

this alternative is expected to have a service life of approximately 20 years, there will be some 

replacement parts required during that service life. These costs, assuming an 8-hour per day labor 

allowance, are minor compared to the annual chemical costs and have not been included in this 

planning level evaluation.  

 

 

 

 

Contact Tank LS 3,600,000$                           

Chemical Storage Facilities and Feed Equipment LS 3,300,000$                           

Site Work (Hydraulic Upgrades + Rail Upgrades) LS 1,500,000$                           

Instrumentation & Controls LS 350,000$                              

Electrical Upgrades LS 500,000$                              

Construction Contingency 30% 1,700,000$                           

11,000,000$                        

Contractor GC Field General Conditions 10% 1,100,000$                           

12,100,000$                        

Contractor GC Indirects, Overhead & Profit 10% 1,210,000$                           

13,300,000$                        

Contractor Bonds and Insurance 3.65% 490,000$                              

13,800,000$                        

Planning, Design and Construction Services 15% 2,100,000$                           

Utility Administration, Legal, Bonds & Insurance 3% 410,000$                              

16,000,000$                        Total Capital Cost

Capital Costs for Chlorination/Dechlorination System at the  Maxson WWTP Facility

Direct Costs Subtotal

Total Construction Cost
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Table 4-2 Summary of operating costs for chlorination-dechlorination system for current conditions  

 

If the City determines that it will provide process upgrades that would be required to support UV 

disinfection, the chlorine demand is anticipated to be reduced by up to half of the current conditions. 

Similar calculations were made for the proposed upgraded conditions and were compiled to represent 

the total annual operations and maintenance costs for application of chlorination-dechlorination by 

bulk hypochlorite and sodium bisulfite (Table 4-3). The summary includes the total of estimates for 

chemicals and operation and maintenance staff similar to the current conditions.  

 

 

 

 

 

 

 

 

 

 

Average treated flow (mgd) 90

Days per year of treatment 365

Chlorine dose (mg/L) 26.0

     Percent solution bulk hypochlorite, % (bulk truck delivery) 12.5

     Specific density of bulk hypochlorite (lbs/gal) 9.8

     Gallons per year, as delivered 5,810,000

     Price per gallon, as delivered $0.75

4,400,000$                           

Sodium bisulfite dose (mg/L) 15

     Percent solution sodium bisulfite (%) 40

     Specific density of sodium bisulfite (lbs/gal) 11.2

     Gallons per year, as delivered 917,000

     Price per gallon, as delivered $1.28

1,200,000$                           

Operations and Maintenance (hours/day) 8

Fully loaded labor rate ($/hour) $40.00

120,000$                              

Lifecycle (years) 20

Discount rate 4.13% P/A factor =

17.87

Annual Costs 5,700,000$                           

102,000,000$                      Present Value of Annual Costs

Annual O&M Costs for Chlorination/Dechlorination System at the  Maxson WWTP Facility (Current Conditions)

Annual chemical costs for chlorine

Annual chemical costs for bisulfite

Annual maintenance costs

Inflation rate 3.00%
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Table 4-3 Summary of operating and maintenance costs for chlorination-dechlorination considering 
upstream process upgrades  

 

4.2 Peracetic Acid System Costs 
Sizing a peracetic acid (PAA) system is similar to sizing a hypochlorite system in that it requires 

experimental confirmation of the residual concentration (C) that yields sufficient bacterial inactivation 

for a given contact time (T). With the design dose determined, sizing the components of a peracetic 

system is straightforward. Total residual oxidant is a permit requirement, but quenching facilities will 

not be required due to the very low peracetic acid residual required to achieve inactivation. Operation 

of a bulk peracetic system is much simpler than other liquid chemicals fed at treatment plants because 

the maintenance of the analyzers and chemical feed equipment is provided as part of the chemical 

vendor’s scope of supply. Peracetic acid solution can be added directly to the water from storage tanks 

with chemical feed pumps. Mixing is most desirable at the point of chemical addition and can be 

accomplished with a chemical induction system provided either with or without mechanical mixers.  

The guidance in the Tennessee Design Criteria for Sewerage Works, Chapter 10.2, is directed toward 

hypochlorite systems and does not directly apply to the sizing, design and operation of peracetic acid 

systems. However, based on implementation of PAA disinfection at other facilities, and pilot testing 

results, contact times and contact basins that are appropriate for chlorine based disinfection are also 

appropriate for PAA disinfection.   

4.2.1 PAA System Description as Basis of Cost  

At the Maxson WWTP, as previously noted there is no functional existing contact basin and a new 

structure would be required to provide the required detention time. A bulk PAA system at Maxson 

Average treated flow (mgd) 90

Days per year of treatment 365

Chlorine dose (mg/L) 13

     Percent solution bulk hypochlorite, % (bulk truck delivery) 12.5

     Specific density of bulk hypochlorite (lbs/gal) 9.8

     Gallons per year, as delivered 2,910,000

     Price per gallon, as delivered $0.75

2,200,000$                 

Sodium bisulfite dose (mg/L) 8

     Percent solution sodium bisulfite (%) 40

     Specific density of sodium bisulfite (lbs/gal) 11.2

     Gallons per year, as delivered 459,000

     Price per gallon, as delivered $1.28

590,000$                     

Operations and Maintenance (hours/day) 8

Fully loaded labor rate ($/hour) $40.00

120,000$                     

Lifecycle (years) 20

Discount rate 4.13% P/A factor =

17.87

Annual Costs 2,900,000$                 

52,000,000$               

Inflation rate 3.00%

Present Value of Annual Costs for Disinfection 

Annual O&M Costs for Chlorination/Dechlorination at the Maxson WWTP Facility (Upgraded Conditions)

Annual chemical costs for chlorine

Annual chemical costs for bisulfite

Annual maintenance costs
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would require site work to provide for a chemical storage facility, including tanks for bulk storage and 

secondary containment. In addition, a chemical feed equipment building would be necessary to house 

chemical metering pumps and controls that would be provided by the chemical vendor; it has been 

assumed that storage tanks would be provided by the City. Similar to chlorine, chemical injection and 

chemical mixing equipment would be required to be installed in the contact basins along with PAA 

residual analyzers (also provided by the chemical supplier) that would be required for process 

control.  

The required chemical storage and feed systems will include storage for 14 days of chemicals for 

average flows. All chemical feed pumps will be provided by the chemical supplier with the appropriate 

turndown and redundancy to meet EPA class I reliability guidelines. A cost proposal from FMC 

Environmental Solutions is provided in Appendix B.  Electrical requirements for equipment such as 

analyzers and chemical feed pumps is quite low compared to other major equipment and given the 

lower chemical flow doses and flows that are required for PAA disinfection, in addition to the potential 

elimination of dechlorination facilities, the total connected load of the disinfection system is 

anticipated to be nearly half that of the chlorine disinfection system. Considering these factors, an 

electrical allowance has been provided as a percentage of the chemical facilities costs that were 

developed for a chlorination-dechlorination system. Similar to the chlorine alternative, costs for 

providing effluent flow monitoring have not been included in this evaluation; the costs for flow 

monitoring will be similar for both alternatives and the most cost-effective flow monitoring method 

will be determined during detailed design. 

4.2.2 Summary of Peracetic Acid System Capital Costs 

Cost estimates for the proposed modifications were obtained from CDM Smith’s construction services 

group, CCI.  Construction cost estimates were developed and include a new 15 minute contact tank  

and a new building to house new bulk peracetic acid chemical storage and feed equipment that would 

be provided by the PAA supplier; minor electrical upgrades required for supplying the chemical feed 

facilities, and necessary site work are also included in the chemical storage facilities estimate. Line 

item allowances for these improvements have been provided based on recent cost estimates from 

similar projects. It is of note that line items including site work and electrical upgrades are 

substantially lower for PAA than for chlorine because smaller chemical storage facilities are required 

for PAA and dechlorination (and oxidant reduction) is not required. A summary of capital costs for the 

PAA disinfection system described is provided in Table 4-4.   
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Table 4-4 Summary of capital cost for PAA disinfection system 

 

4.2.3 Operations and Maintenance Costs for PAA System 

Similar to chlorination-dechlorination, the key operations costs for PAA disinfection are related to the 

chemical use. Proposal costs for PAA were obtained from a process solutions provider (Appendix B) 

that provides PAA inclusive of chemical storage and feed equipment as well as the calibration and 

maintenance of all related equipment. For this analysis, it has been assumed that labor costs 

associated with PAA disinfection would take up to 4 hours per day to monitor and maintain the 

system to provide consistent disinfection performance. The proposal cost information includes an 

unspecified performance guarantee (to be negotiated if PAA is selected for implementation) based on 

effluent TSS concentrations. The operations and maintenance costs for the current process operations 

are summarized in Table 4-5.  

 

 

 

 

 

 

 

 

 

Contact Tank LS 3,600,000$             

Chemical Storage Facilities and Feed Equipment LS 2,000,000$             

Site Work (Hydraulic Upgrades + Rail Upgrades) LS 1,500,000$             

Electrical Upgrades LS 300,000$                 

Construction Contingency 30% 1,100,000$             

8,500,000$             

Contractor GC Field General Conditions 10% 850,000$                 

9,400,000$             

Contractor GC Indirects, Overhead & Profit 10% 940,000$                 

10,300,000$           

Contractor Bonds and Insurance 3.65% 380,000$                 

10,700,000$           

Planning, Design and Construction Services 15% 1,610,000$             

Utility Administration, Legal, Bonds & Insurance 3% 320,000$                 

12,600,000$           Total Capital Cost

Capital Costs for PAA Disinfection at the Maxson WWTP Facility

Direct Costs Subtotal

Total Construction Cost

EPA-HQ-2019-004783   001803



Section 4 • Conceptual Cost Estimates 

 

  4-9 

PW.XM1.6016.83104.03.01.Pilot Testing Reports.Maxson WWTP.Final Report/LRG1646 

 

Table 4-5 Summary of operating and maintenance costs for PAA disinfection under current conditions  

 

In order to compare the costs of treatment with chlorine under the assumption that upstream process 

upgrades would be implemented to provide improved effluent TSS, an estimate is also provided in 

Table 4-6. 

Table 4-6 Summary of operating and maintenance costs for PAA considering upstream process upgrades 

 

Average treated flow (mgd) 90

Days per year of treatment 365

PAA cost ($/MG) $253

8,300,000$             

Operations and Maintenance (hours/day) 4

Fully loaded labor rate ($/hour) $40.00

60,000$                   

Lifecycle (years) 20

Discount rate 4.13% P/A factor =

17.87

Annual Costs 8,400,000$             

149,000,000$        Present Value of Annual Costs

Annual O&M Costs for PAA Disinfection at the  Maxson WWTP Facility (Current Conditions)

Annual chemical costs for PAA

Annual maintenance costs

Inflation rate 3.00%

Average treated flow (mgd) 90

Days per year of treatment < 15 mg/L 243

Days per year of treatment 15 - 30 mg/L 122

PAA cost for TSS < 15 mg/L ($/MG) $89

PAA cost for TSS 15 - 30 mg/L ($/MG) $153

3,600,000$             

Operations and Maintenance (hours/day) 4

Fully loaded labor rate ($/hour) $40.00

40,000$                   

Lifecycle (years) 20

Discount rate 4.13% P/A factor =

17.87

Annual Costs 3,600,000$             

65,000,000$           Present Value of Annual Costs

Annual O&M Costs for PAA Disinfection at the Maxson WWTP Facility (Upgraded Conditions)

Annual chemical costs for PAA

Annual maintenance costs

Inflation rate 3.00%
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4.3 UV Disinfection System Cost 
The actual dose required to meet disinfection compliance depends on site-specific factors at a given 

WWTP. Once dose has been determined, as previously described in Section 3.5.1, the UV intensity and 

exposure time required to deliver the necessary dose are a function of the UV system, operating 

parameters and water quality. The effluent water quality affects the performance of a UV system by 

altering the UV intensity delivered within the reactor and, consequently, the UV dose received by the 

organisms in the wastewater. The most important water quality parameters are UVT and the TSS 

concentration and particle size as previously noted. As a result, if UV disinfection is to be a feasible 

process alternative at the Maxson WWTP, it will be necessary to implement process improvements 

that would provide effluent quality that consistently meets an upper limit of 30 mg/L of TSS, similar to 

most conventional secondary WWTP designs.  

In order to provide an estimate of the costs associated with process upgrades to support UV 

disinfection, the City has requested that CDM Smith conduct a holistic evaluation of the liquid 

processes at the Maxson WWTP to address solids loading and clarifier performance to ensure 

disinfection optimization. Other process objectives related to the analysis included a discussion of 

concerns with odor control at the plant, particularly at the existing biotowers and potential future 

capacity issues at the plant. The process analysis report is provided in Appendix A and recommends 

demolition of the existing biotowers and conversion of the process to conventional activated sludge.  

Even if effluent quality is ideal, delivery of the UV dose is key to ensuring compliance with the 

discharge permit limits. Equipment sizing and process control are essential to successful UV 

operation. In order to maintain system control as well as efficiency, automatic control will be used; the 

system will be provided with capabilities for manual override. Automated controls should only be 

applied over the range of water quality and operational conditions for which the system has been 

validated.  

For wastewater disinfection, there are formally recognized protocols for verification of UV equipment 

for specific applications. The standard protocol used for sizing equipment for this evaluation was the 

IUVA Uniform Protocol for Wastewater UV Validation Applications (2011) which is focused secondary 

effluent applications. This protocol provides validation of the performance of specific equipment over 

a prescribed operating range (flow, UVT, power, etc.) as defined by the manufacturer for a specific 

disinfection application (e.g., reuse or secondary effluent disinfection). A UV system that has been 

bioassay validated using the aforementioned protocol has been considered for application at the 

Maxson WWTP. 

In addition to selecting the appropriate equipment to deliver the design dose, there are operational 

considerations that must be addressed when implementing UV disinfection. Fouling of the external 

surfaces of the lamp sleeves and other wetted components (e.g., monitoring windows of UV sensors) 

of UV reactors is one of these factors. Fouling reduces the transmittance of UV light and can affect 

measured UV intensity and dose monitoring that is used for automatic process control. System fouling 

can be, and is accounted for, with a fouling/aging factor in the design of a UV system as well as 

provisions for automatic mechanical and chemical cleaning systems.    
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4.3.1 UV System Description as Basis of Cost  

For UV disinfection at the Maxson WWTP, an open channel reactor containing arrays of UV lamps 

would be provided. The UV system would include a power supply, an electrical system, lamps, quartz 

sleeves, a cleaning mechanism, as well as a mechanical system to lift the system from the channel for 

maintenance. Power is provided to the UV system through electronic drivers that also control UV 

lamps. The UV process can be controlled using flow or dose pacing, with the most efficient systems 

utilizing both signals. Thus, the UV control system requires a flow signal, as well as a sensor system for 

monitoring UVT and UV intensity. With respect to flow monitoring, it was assumed that the flow 

measurement would be conducted using a Parshall flume at the end of each UV channel. The reactor 

design will be optimized for delivery of the UV dose and hydrodynamics while providing redundancy 

and flexibility for variations in flow rates. As a result if, UV disinfection is selected as the preferred 

method of disinfection, it is recommended to conduct computational fluid dynamics modeling of the 

system to ensure appropriate flow split and good reactor hydraulics.   

Because UV disinfection has a practical limit of application at a maximum TSS concentration of 30 

mg/L, additional upstream process improvements have been included in the evaluation as described 

in Appendix A. For the purposes of developing the conceptual cost for UV at the Maxson WWTP, a 

comprehensive capital cost was applied that reflects the recommended process upgrades as outlined 

in the description of Alternative 1 which includes removal of the biotowers and upgrade of the liquid 

process to conventional activated sludge.  

4.3.2 Summary of UV System Costs 

A cost proposal was obtained from Trojan Technologies based on the system that was piloted at the 

Maxson WWTP. The proposal included costs for a low-pressure, high output UV system to treat 

wastewater at three different UVT values, representing the range of values that are observed at the 

facility. Based on the UVT data previously collected at the facility and considerations for process 

upgrades at the facility, it is anticipated that a design UVT of 35% could be achieved. The 45 percent 

UVT scenario was used as the basis for cost the UV option cost estimate; the equipment required to 

treat effluent with a 45 percent UVT would include 5 channels (4 duty and 1 standby), with 4 banks 

per channel; each bank has 64 UV lamps, for a total of 1280 lamps (Figure 4-1).  
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Figure 4-1 Proposed layout for UV disinfection system equipment (5 channels with 4 banks of 64 UV 

lamps per channel) 

 

Cost for the UV disinfection system also includes allowances for electrical improvements, 

instrumentation and controls, and necessary site work and yard piping. Because disinfection is a 

critical process, electrical requirements for UV disinfection typically include electrical redundancy. In 

Tennessee, dual power feeds meet this requirement; the City already has dual power feeds to the 

WWTP with automatic switchgear in place. In practice, there can be power surges or interruptions 

associated with switchover; to protect UV equipment and provide continuous disinfection, it is 

recommended to include 5 minutes of uninterruptable power supply. Equipment costs, along with 

construction cost estimates are summarized in Table 4-7.  
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Table 4-7 Summary of capital cost for UV disinfection system 

Note: Provided capital costs for process upgrades represent the average cost of the conventional activated sludge and step-feed option 

for Alternative 1 of the Maxson WWTP Process Alternatives Evaluation (Appendix A). 

4.3.3 Operations and Maintenance Costs for UV System 

Annual maintenance labor costs were estimated at 4 hours per day. Annual replacement costs for 

lamps and ballast are also estimated based on the guaranteed life of these items for year-round 

operation of the system at average flow. A summary of the annual operations and maintenance costs 

for the UV disinfection system to provide treatment of effluent from an upgraded liquid treatment 

process is provided in Table 4-8. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

UV Equipment LS 9,300,000$             

New UV Structure and Parshall Flumes LS 2,200,000$             

Electrical Upgrades & UPS LS 1,300,000$             

Construction Contingency 30% 3,800,000$             

17,000,000$           

Contractor GC Field General Conditions 10% 1,700,000$             

18,700,000$           

Contractor GC Indirects, Overhead & Profit 10% 1,900,000$             

21,000,000$           

Contractor Bonds and Insurance 3.65% 800,000$                 

21,800,000$           

Planning and Engineering Design 15% 3,300,000$             

Utility Administration, Legal, Bonds & Insurance 3% 650,000$                 

26,000,000$           

73,000,000$           

Capital Costs for UV Disinfection at the Maxson WWTP Facility

Direct Cost Subtotal

Total Construction Cost

Total Capital Cost

Capital Cost Process Upgrades
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Table 4-8 Summary of operating and maintenance costs for UV disinfection 

 
 

4.4 Lifecycle Costs Analysis 
Because there are different cost impacts, capital versus operating costs, with respect to the different 

disinfection technologies, conducting lifecycle analysis is a necessary step in evaluating process 

alternatives. In order to simplify the analysis for the purposes of decision-making, the operation costs 

of the liquid process upgrades have been disregarded. It is important to note, if the upstream liquid 

processes are not upgraded as described in Appendix A, then UV disinfection is not a feasible option. 

While the process upgrades are a significant capital cost, there are additional benefits that are 

achieved by implementation of these improvements including addressing odor control issues and 

long-term capacity needs. This may need to be revisited as the City reviews the potential for 

implementation of the liquid process upgrade alternatives as described in Appendix A.  

For this analysis, the capital costs and general conditions costs have been summarized along with 

annual operations and maintenance cost estimates. Capital costs for PAA and chlorine alternatives 

include installation of a contact tank to provide 15 minutes of contact time. The net present value 

(NPV) of the annual costs were calculated assuming a project life of 20 years, 4.13 percent interest 

rate and a 3.00 percent inflation rate for all disinfection alternatives. Summing the total capital costs 

(including general conditions and services) and the NPV of annual costs provides a comparative 

Average treated flow (mgd) 90

Number of Lamps per MGD 6.4

Days per year of treatment 365

UV dose (mJ/cm2) as T1 19

     Number of lamps at average flow 576

     Power input per lamp (watts) 1000

Annual Electric Usage (kW-hr/yr) 5,000,000

Electricity cost ($/kW-hr) $0.076

380,000$                 

     Guaranteed lamp life (hours) 15,000

     Lamp replacement cost $675

     Guaranteed ballast life (years) 10

     Ballast replacement cost $990

230,000$                 

57,000$                   

Maintenance, hours/day 4

Fully loaded labor rate, $/hour $40.00

58,000$                   

Lifecycle in years 20

Discount rate 4.13% P/A factor =

17.87

P/A g

21.85

Annual Costs 730,000$                 

14,000,000$           

Annual costs for ballast replacement

Annual O&M Costs for UV Disinfection Maxson WWTP Facility

Annual electricity costs for UV

Annual costs for lamp replacement

Annual maintenance costs

Inflation rate 3.00%

Power escalation rate 2.00%

Present Value of Annual Costs

EPA-HQ-2019-004783   001809



Section 4 • Conceptual Cost Estimates 

 

  4-15 

PW.XM1.6016.83104.03.01.Pilot Testing Reports.Maxson WWTP.Final Report/LRG1646 

lifecycle cost to aid in selection of the preferred disinfection alternative. A summary of costs for all 

three disinfection alternatives, including the scenarios where liquid process upgrades could be 

implemented to improve effluent quality, are provided in Table 4-9; costs are also represented 

graphically in Figure 4-2.  

Table 4-9 Lifecycle analysis for disinfection alternatives under current conditions and conditions 
assuming liquid process upgrades 

Cost Parameter Hypochlorite 
Hypochlorite  

Optimized 

Peracetic 

Acid 

Peracetic Acid  

Optimized 
UV Optimized 

Equipment and Facility 

Upgrades 
$11,000,000  $84,000,000  $8,500,000 $81,500,000 $90,000,000 

General Conditions and 

Services 
$5,000,000  $5,000,000  $4,100,000 $4,100,000 $9,000,000 

Total Capital Costs $11,000,000  $89,000,000  $12,600,000  $85,600,000  $99,000,000  

Annual O&M $5,700,000  $2,900,000  $8,400,000 $3,600,000 $730,000 

20-Year NPV of O&M $102,000,000  $52,000,000  $149,000,000 $65,000,000 $14,000,000 

Total 20-Year NPV $118,000,000  $141,000,000  $162,000,000 $151,000,000 $113,000,000 

 

 

 

Figure 4-2 Lifecycle costs for disinfection alternatives  
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Section 5  

Supplemental Testing & Evaluation 

Since the completion of the previous pilot work, performed by CDM Smith in 2013, two major changes 

have occurred at the Maxson WWTP. First, during the 2013 pilot testing, a portion of the plant 

treatment process was being bypassed to allow for the construction/installation of the new fine 

screen facility prior to the primary clarifiers. Second, a major industrial contributor (Cargill) to the 

Maxson WWTP closed and was anticipated to result in a significant reduction in overall plant loading. 

As a result, supplemental pilot testing of peracetic acid (PAA) and supplemental UV related analysis 

were performed, as was bench testing of UV and PAA as a combined disinfectant. The supplemental 

testing and final disinfection alternative evaluation based upon the results of the testing are presented 

in the Maxson WWTP Supplemental Pilot & Bench Disinfection Testing Report found in Appendix C, and 

are summarized in this section.  

5.1 Supplemental Pilot and Bench Testing Objectives 
The purpose of the additional testing was to gather data to supplement the bench and pilot testing 

previously conducted at the Maxson WWTP. In order to confirm the results of previous testing, in light 

of the recent changes at the facility, the following objectives were addressed with respect to meeting 

limits for Escherichia coli (E. coli) as outlined in the current draft National Pollutant Discharge 

Elimination System (NPDES) permit:  

���� Refine the design criteria for PAA disinfection to meet disinfection limits  

• Determine the kinetic model parameters to predict PAA disinfection efficacy across a range 

of doses and contact times 

• Determine the design dose for average conditions to support calculation of associated 

operating costs 

���� Confirm the UV disinfection design dose to support estimates of capital and operating costs 

The key objectives of the bench scale UV/PAA disinfection study included: 

���� Quantify and compare disinfection kinetics among several UV and PAA combinations including: 

• PAA alone, UV alone, UV followed by PAA, PAA followed by UV, simultaneous disinfection 

with UV and PAA. 

���� Propose a mechanistic model to describe the efficacy of the combined disinfectant 

5.2 Supplemental Pilot and Bench Testing Results & Analysis 
5.2.1 Supplemental PAA Pilot Test Results & Analysis 

The PAA pilot testing commenced on Monday, May 4th, and continued through Friday, June 5th, 2015; 

samples were collected and submitted to Environmental Testing and Consulting Laboratory, located in 

Memphis, Tennessee. Sample collection and analytical methods were similar to those done in the 
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original PAA pilot performed in 2013. Complete results and analysis of data are provided in Appendix 

C, however a summary of the supplemental PAA pilot testing data analysis is included here.  

CDM Smith worked to develop a disinfection kinetics model that best represent all the PAA pilot 

testing data. Standard methods for describing PAA disinfection efficacy are still being developed 

because the application of PAA as a wastewater disinfectant is relatively recent. CDM Smith has 

historically applied the Hom’s model to disinfection datasets, as described above in Section 3.3. 

Although the correlation between the model and the measured data is 81%, there does appear to be 

some over-prediction at low inactivation and under predication at high inactivation. Because of the 

spread between the model and the measured data that was observed in the application of Hom’s 

model, the standard concentration * time (CT) model was also applied to determine if a better fit could 

be found for the data. The correlation between the standard CT model was slightly stronger (84%), 

and displays less over and under prediction, than the Hom’s model. However, there is still observable 

spread between the model and the measured data. A final predictive model, the Double Exponential 

Decay model, was applied to determine if a stronger correlation could be found. This model also 

utilizes the integral CT method, but uses a more complex correlation between CT and log inactivation. 

In this model, the bacterial population was divided into two parts, an easy to inactive portion which 

represents free floating bacteria, and a hard to inactivate portion, which represents particle associated 

bacteria. The resulting correlation is shown in Figure 5-1. The data is best correlated to this model 

(90%), and the spread between the data and the model is reduced. The PAA dosing recommendations 

were generated from this model. 

 

Figure 5-1 Correlation between Measured Log Inactivation and Double Exponential Decay Model 
Predicted Inactivation 
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Three disinfection design criteria were established to reflect average, peak, and minimum conditions 

at the WWTP. The basis for the design criteria are described in Section 4, of Appendix C. The model 

predicted CT values for these design criteria are summarized in Table 5-1. For conservatism, a safety 

factor of 1.3 is applied to the CT values to help account for scale up between the pilot and full scale 

application. This is shown in the CT* column. 

The required CT can be achieved through numerous combination of time and PAA dose.  

Table 5-1: Required PAA CTs and Design Points 

Flow Conditions 
Flow 

(MGD) 
Required Log Inactivation CT* 

Permitted Average 90 3.92 87.1 

Peak Hour 170 3.82 74.1 

Daily Minimum 50 2.81 22.4 

*CT results include a 1.3x safety factor for scaling up to full scale 

It is worth noting that as part of the supplemental pilot and bench testing a review of the required log 

inactivation for the disinfection system was performed. The required log inactivation was determined 

based on review of a combined dataset including data measured during the supplemental PAA pilot 

study, data measured during the collimated beam analyses, and data from daily plant operations 

between 2010 and 2013. Table 5-2 summarized the relevant statistic from this expanded dataset, and 

compares it against that shown in Table 1-1. The datasets are identical, with the exception being the 

average values are slightly different. The combined dataset, referred to going forward as the “dataset,” 

was utilized for determining the revised log inactivation. 

Table 5-2: Relevant Influent E. coli Statistics 

Statistic 
Updated 
Values 

Table 1-1 
Values 

Maximum 5.7 x 106 5.7 x 106 

Average 7.3 x 105 7.4 x 105 

Minimum 1.3 x 104 1.3 x 104 

Geometric Mean 5.2 x 105 5.2 x 105 

10 Percentile 1.5 x 105 -- 

20 Percentile 2.4 x 105 -- 

30 Percentile 3.3 x 105 -- 

40 Percentile 4.6 x 105 -- 

50 Percentile 5.6 x 105 -- 

60 Percentile 7.3 x 105 -- 

70 Percentile 9.3 x 105 -- 

80 Percentile 1.3 x 106 -- 

90 Percentile 1.6 x 106 -- 

99 Percentile -- 2.0 x 106 

 

For peak conditions, bacterial concentrations will be reduced from the 90th percentile from the dataset 

to one half of the daily permit limit of 487 cfu/100 mL, which is 244 cfu/100 mL. This is equal to a log 

inactivation of 3.82. For average conditions, the bacterial concentrations will be reduced from the 
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geometric mean from the dataset to one half of the monthly permit limit of 126 cfu/100 mL, which is 

63 cfu/100 mL. This is equal to a log inactivation of 3.92.  This is slightly different from what was 

presented in Section 1.4.1, as those log inactivation calculations utilized the average from that dataset, 

rather than the geomean, which is done here for the revised log inactivation calculation. The reason 

for this adjustment is because the monthly permit limit is a 30 day geomean value, therefore the value 

from the dataset should also be a geomean not an average. For minimum conditions, bacterial 

concentrations will be reduced from the 10th percentile from the dataset to one half of the daily permit 

limit of 487 cfu/100 mL. This is equal to a log inactivation of 2.81. 

Minimum Daily Inactivation Rate Required:   log(1.5 × 10
5
) - log(2.44 × 10

2
) = 2.81 

Average Monthly Inactivation Rate Required: log(5.2 × 10
5
) - log(6.3 × 10

1
) = 3.92                   

Maximum Daily Inactivation Rate Required:   log(1.6 × 10
6
) - log(2.44 × 10

2
) = 3.82 

The difference between the original log inactivation (4.1) and the revised log inactivation of 3.92 is 

small. 

In order to size the PAA system, a cost optimization was performed to determine the most effective 

combination of contact time and dose to reduce overall lifecycle costs. This was accomplished by 

limiting the capital cost of the contact tank to less than $10 million, and increasing the PAA contact 

tank (CT) size to ensure that the resulting residual PAA concentration were between 0.4 mg/L and 1.5 

mg/L at the end of the CT. Based on these design criteria, a sodium bisulfite system is not required. 

5.2.2 Supplemental UV Collimated Beam Results & Analysis 

Several new collimated beam (CB) analyses were performed during the supplemental PAA pilot 

testing to determine if disinfection requirements have changed due to changes in plant influent since 

2013. A comparison of the recent and historical CB data performed by Trojan Technologies is shown 

in Figure 5-2. These represent the average of the entire dataset from each year. There is no significant 

difference between the two datasets. The effectiveness of a UV disinfection system relies heavily on 

the UV transmittance (UVT) of the influent to the system. During the pilot period, the observed UVT 

was 16%. As discussed previously, it is anticipated that upgrades to the secondary treatment process 

would result in an improvement to the effluent UVT. However the industrial users have an impact on 

the UVT of the influent at the Maxson WWTP, which is more impacted by both color and TSS. The 

exact effluent UVT improvement from the upgraded treatment process cannot be quantified at this 

point, however it is assumed that it would be around 20%. As a result a UVT of 20% was utilized to 

develop the revised capital costs. 
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 Figure 5-2: Comparison of Recent and Historical Collimated Beam Data 

 

5.2.3 UV/PAA Test Results & Analysis 

In order to investigate the feasibility and economics of implementing a combined disinfection 

technology strategy, bench testing was conducted to inform process selection and sizing. UV/PAA 

bench testing was conducted at the Maxson WWTP the week of September 21, 2015. Samples of 

secondary effluent were collected twice daily and were treated at bench-scale, on site. In this study, 

secondary effluent samples were treated with various combinations of UV doses, between 2.5 – 40 

mJ/cm2, and PAA CTs, between 2.5 – 50 mg·L-1·min. To evaluate different operational scenarios the 

following five combinations were applied: PAA alone, UV alone, PAA followed by UV, UV followed by 

PAA, and simultaneous UV and PAA.  

A mechanistic model was developed, based upon the results of the combined UV/PAA disinfection 

bench test, to predict the results of combined disinfection using UV and PAA. Results indicated that the 

most effective combination of the two is UV followed by PAA. Figure 5-3 was developed to illustrate 

the different combinations of UV and PAA that would be required to maintain an effluent 

concentration of 126 cfu/100 mL of E. coli. Although the results are promising, further research is 

required to accurately describe the effect of combined disinfection, and the economic analysis that 

was performed based on the results did not indicate significant economic savings through application 

of a combined disinfection system. The full UV/PAA bench testing report is included in Appendix C. 
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Figure 5-3: Model predicted combinations of PAA dose and UV fluence required to achieve a E. coli 
disinfection target of 126 cfu / 100 mL when applying the sequential UV→PAA treatment process. 

 

5.3 Revised Conceptual Cost Estimates   
Based upon the supplemental testing performed in 2015, the conceptual costs for UV and PAA were 
revised. Comparative 20 year lifecycle costs for three alternative disinfection systems are illustrated in 
Figure 5-4. The first alternative is a PAA system with a contact tank providing 31 minutes of contact 
time at average flow, the second is a PAA system providing 31 minutes of contact team at peak flow, 
and the third is a UV system designed to treat effluent with a 20% UVT.  
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Figure 5-4 20 Year Lifecycle Analysis of Three Disinfection Options 

 
Providing more contact time at average flow for the PAA system eliminated the need for quenching 

with sodium bisulfite, although the capital costs for a small sodium bisulfite was included for 

emergency use. Although the lifecycle costs of the UV alternative is lower than that of the two PAA 

alternatives, the City of Memphis and CDM Smith discussed the impacts caused by the variability of the 

low UV transmittance seen in the Maxson WWTP effluent. The variability likely stems from the change 

in processes and raw materials utilized by industrial users within the City’s collection system. Based 

upon these discussions it was decided to eliminate UV from the list of disinfection alternatives. Results 

of the detailed cost analysis and the supplemental pilot data indicate that the most cost effective 

contact tank size to reduce overall lifecycle cost is 489,000 cubic ft. As a result, the most cost effective 

disinfection alternative is PAA - Option 2.  

 
 
  

Option 1  PAA Option 2 PAA

 253,000  489,000 20% UVT Design

cubic ft cubic ft UV System

Total Annual Cost $165,300,000 $142,000,000 $14,000,000

Total Capital Cost $11,500,000 $14,000,000 $26,200,000

Lifecycle Costs $177,000,000 $156,000,000 $40,000,000
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Section 6  

Recommendations 

Based on a review of the analysis presented in this report, CDM Smith recommends disinfection with 

PAA at the Maxson WWTP. While testing conducted in support of this evaluation has demonstrated 

that both sodium hypochlorite and UV disinfection were also effective for achieving bacterial 

inactivation to meet permit compliance for E. coli at the Maxson WWTP; there are concerns regarding 

the use of chlorine disinfection, and there are uncertainties associated with low UVT effluent and 

further degradation of the effluent UVT. Implementation of PAA disinfection requires additional 

upstream process upgrades and considerations should be evaluated regarding the additional 

operations costs associated with these liquid process upgrades during final design.    

Chlorine disinfection has the same life cycle cost as UV disinfection and is lower than PAA disinfection, 

however the use of a chlorination disinfection system has additional permitting requirements that 

include additional testing under Section 3.6.1 of the permit, as follows, making the technology more 

challenging to implement: “3.6.1 Additional Permittee Submittals (If Chlorination Disinfection 

System Selected). 

Permittee must provide the division with the types/amounts of specific chlorinated byproducts 

species to be in the Outfall 001 treated effluent and how newly generated byproducts are related 

to TRC according to the compliance schedule…”  

If the City opts to implement PAA disinfection and the associated secondary treatment process 

upgrades to address chemical oxidant demands in the effluent there are significant ancillary benefits 

to this decision. While PAA disinfection has the highest lifecycle cost, the low capital cost of the PAA 

disinfection system combined with the avoidance of additional permitting requirements as described 

above,  has resulted in PAA disinfection being the selected disinfection alternative for the Maxson 

WWTP. Additionally, proceeding in this direction may enable the City to address other major concerns 

regarding odor control and future capacity issues at the Maxson WWTP. 
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Technical Memorandum 
 
To:  Paul Patterson 
    Scott Morgan, PE 
    Mike Brower 
 
From:  CDM Smith Inc. 
 
Date:  November 27, 2013 
 
Subject:  T.E. Maxson WWTP Process Alternatives Evaluation 
	

1.0	Introduction	
The	T.E.	Maxson	WWTP	(Maxson	WWTP)	is	located	in	the	southwest	portion	of	Memphis,	
Tennessee	at	2685	Steam	Plant	Road.	The	WWTP	currently	treats	an	average	of	70	million	gallons	
per	day	(mgd)	of	wastewater,	serving	the	City	of	Memphis	(City)	since	its	commissioning	in	1975.	
With	upgrades	over	the	years,	the	current	liquid	treatment	process	consists	of	coarse	bar	screens,	
grit	removal,	recently	installed	fine	bar	screens,	primary	clarification,	high‐rate	biotowers,	
activated	sludge	and	secondary	clarification.	

The	City	is	currently	planning	an	upgrade	to	provide	disinfection	as	the	final	treatment	process	to	
meet	requirements	in	the	current	draft	National	Pollution	Discharge	Elimination	System	(NPDES)	
permit.	The	process	that	will	ultimately	be	selected	to	provide	disinfection	is	directly	impacted	by	
the	secondary	effluent	quality.	In	addition	to	the	need	to	address	effluent	quality	to	minimize	the	
costs	of	the	new	disinfection	process,	the	facility	is	experiencing	an	increase	in	wastewater	flows	
and	loads,	which	has	prompted	the	City	to	evaluate	the	existing	plant	and	operations	to	determine	
what	would	be	required	to	meet	the	original	design	flow	of	90	mgd.	As	a	result,	the	City	has	
requested	that	CDM	Smith	conduct	a	holistic	evaluation	of	the	liquid	processes	at	the	Maxson	
WWTP	to	address	the	following	objectives:	

 Solids	loading	and	clarifier	performance	to	ensure	disinfection	optimization;	

 Discuss	concerns	with	odor	control	at	the	plant,	particularly	at	the	existing	biotowers;	and	

 Potential	future	capacity	issues	at	the	plant.	

This	technical	memorandum	provides	a	summary	of	the	process	evaluation	and	includes	an	
analysis	of	the	biological	treatment	processes,	consideration	of	solids	loading,	clarifier	
performance,	biotower	process	performance,	and	capacity	related	issues.	Additional	evaluation	of	
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biosolids	handling,	which	was	not	identified	in	this	scope	of	work,	may	be	necessary	depending	
upon	the	improvements	selected	for	further	consideration.	

2.0	Evaluation	Approach	
Historical	plant	data	were	obtained	from	the	City	and	analyzed	to	develop	a	basis	of	evaluation	of	
the	plant.	Peaking	factors	for	the	average‐day	(AD),	average‐day	maximum‐month	(ADMM)	and	
maximum‐day	(MD)	loading	conditions	were	determined	based	on	this	analysis.	These	peaking	
factors	were	applied	to	the	plant’s	permitted	average	day	flow	of	90	mgd	as	a	basis	for	evaluating	
the	liquid	treatment	processes;	the	design	flows	and	loads	are	summarized	in	Table	2‐1.		
	

Table 2‐1 Influent Design Conditions 

Influent Parameters  AD  ADMM  MD 

Flow (mgd)  90  126  153 

BOD5 (ppd)  515,700  562,100  727,100 

TSS (ppd)  426,300  550,000  703,500 

TKN (ppd)  75,100  90,100  112,600 

TP (ppd)  15,000  18,000  22,500 

Minimum monthly Water Temp (deg C)  14  14  14 

	

Table	2‐2	provides	a	summary	of	the	current	draft	NPDES	requirements	at	the	permitted	average	
design	flow	of	90	mgd.	In	addition	to	permit	compliance,	this	evaluation	also	considers	the	need	to	
consistently	achieve	effluent	total	suspended	solids	(TSS)	of	less	than30	milligrams	per	liter	
(mg/L).	This	is	lower	than	the	concentration	required	for	discharge,	according	to	the	NPDES	
permit,	but	is	a	requirement	for	ultraviolet	(UV)	disinfection	to	be	a	feasible	disinfection	
alternative.	There	are	potential	impacts	on	the	solids	handling	processes	as	a	result	of	the	lower	
TSS	objective,	which	will	require	further	evaluation,	based	on	the	modifications	selected	for	the	
liquid	process.		

Table 2‐2 Effluent NPDES Requirements 

Effluent Parameter 
Maximum 

Daily 

Average 

Monthly 

BOD5 (mg/L) 
84 

(40% removal) 

42  

(85% removal) 

TSS (mg/L) 
96 

(40% removal) 

48 

(85% removal) 

	

There	is	currently	no	ammonia‐nitrogen	limit	in	the	NPDES	permit,	and	a	total	nitrogen	limit	is	not	
anticipated	in	the	foreseeable	future;	therefore,	nitrification	has	not	been	included	in	the	liquid	
treatment	process	evaluation.	However,	the	alternatives	have	been	developed	such	that,	if	
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nitrification	is	required	in	a	future	effluent	limit,	the	process	improvements	could	be	incorporated	
into	any	potential	upgrades	that	would	be	required	to	achieve	nitrification.	While	any	of	the	
alternatives	developed	could	be	later	upgraded	to	achieve	nitrification,	each	alternative	has	a	
different	site	footprint.	Generally	to	achieve	nitrification,	the	biomass	maintained	under	aerobic	
conditions	would	need	to	be	increased	by	approximately	four	times	over	that	identified	in	this	
evaluation,	which	results	in	the	need	for	additional	aeration	tankage	and/or	clarifiers.		

While	the	current	permit	does	not	include	nitrification	or	nutrient	removal	as	requirements,	there	
is	the	potential	that	nutrient	limits	will	be	implemented	in	some	future	permit	cycle.	The	driver	is	
implementation	of	State‐developed	nutrient	reduction	strategies,	which	are	a	major	focus	of	the	
Mississippi	River/Gulf	of	Mexico	Watershed	Nutrient	Task	Force	(Task	Force)	responsible	for	the	
national	strategy	to	reduce,	mitigate,	and	control	hypoxia	in	the	Northern	Gulf	of	Mexico	and	
improve	water	quality	in	the	Mississippi	River	Basin.	The	Task	Force	was	established	in	1997	and	
consists	of	5	federal	agencies	and	10	state	agencies.			

The	Task	Force	objectives	include	having	each	state	develop	and	implement	its	own	nutrient	
reduction	strategy,	which	provides	flexibility	for	tailoring	the	strategy’s	approach	and	components.	
At	the	same	time,	the	Task	Force	recognizes	that	all	state	strategies	need	to	include	certain	essential	
components	to	achieve	overall	goals.	The	participating	states	include	Arkansas,	Indiana,	Illinois,	
Iowa,	Louisiana,	Kentucky,	Minnesota,	Mississippi,	Missouri,	Ohio,	Tennessee	and	Wisconsin.	Most	
of	these	states	have	already	completed	their	strategies,	while	Arkansas,	Kentucky	and	Tennessee	
continue	to	work	on	completing	the	final	documents.		

While	Tennessee	has	yet	to	publish	this	guidance,	several	other	discharge	permits	in	the	state	
reference	the	approach	to	how	the	state	will	implement	its	nutrient	strategy.	The	Tennessee	
Department	of	Environment	and	Conservation	(TDEC)	has	been	developing	its	strategy	to	reflect	
the	goals	of	EPA’s	March	16,	2011,	Memorandum:	Working	in	Partnership	with	States	to	Address	
Phosphorus	and	Nitrogen	Pollution	through	Use	of	a	Framework	for	State	Nutrient	Reductions.	The	
Tennessee	approach	uses	regional	USGS	SPARROW	models	to	determine	the	required	performance	
level	from	WWTPs	within	hydrologic	unit	code	10	(HUC	10)	watersheds.		

TDEC	is	utilizing	the	“SPARROW”	model	(SPARROW	refers	to	SPAtially	Referenced	Regressions	on	
Watershed	attributes),	which	relates	in‐stream	water‐quality	data	to	spatially	referenced	
watershed	characteristics,	including	contaminant	sources	and	transport	factors	to	support	its	
strategy.	Tennessee	has	aggregated	the	South	Atlantic	Gulf	and	Tennessee	(SAGT)	region	model	
output	for	nitrogen	and	phosphorus	for	HUC‐10	watersheds	within	Tennessee’s	borders.	Thus,	for	
West	Tennessee,	output	from	the	Lower	Mississippi,	Arkansas‐White‐Red,	and	Texas	Gulf	River	
Basin	Model	(MRB5)	will	be	applied	with	the	focus	being	on	agricultural	reductions.	However,	this	
does	not	eliminate	the	possibility	of	nutrient	limits	in	WWTP	permits	in	future	permit	cycles.	It	is	
anticipated	that	if	limits	are	imposed	in	the	future,	TDEC	would	first	implement	seasonal	
nitrification	requirements	(i.e.,	summer	ammonia	limits).	If	additional	actions	are	deemed	
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necessary	as	the	strategy	is	implemented,	then	it	is	anticipated	that	TDEC	would	provide	these	
more	restrictive	limits	(total	nitrogen	or	total	phosphorus	limits)	in	a	phased	approach.	

2.1	Existing	Capacity	Evaluation	
The	current	average	flow	at	the	plant	is	approximately	70	mgd,	and	given	the	influent	wastewater	
strength,	the	plant	is	currently	at	or	above	its	original	design	influent	biochemical	oxygen	demand	
(BOD)	load.	With	an	increase	to	90	mgd	(design	flow),	the	treatment	objectives	cannot	be	met	with	
the	existing	plant	infrastructure.	Facility	improvements	will	be	required	to	accommodate	the	
increased	flow	and	load	in	order	to	meet	permit	requirements,	as	well	as	to	provide	adequate	
effluent	quality	for	implementing	UV	disinfection,	if	selected	as	the	preferred	disinfection	
alternative.		

The	activated	sludge	process	is	currently	operated	with	a	low	solids	retention	time	(SRT),	
approximately	one	day,	to	avoid	overloading	the	secondary	clarifiers.	While	the	plant	is	generally	
able	to	achieve	permit	requirements	using	this	approach,	this	mode	of	operation	is	unstable	and	
does	result	in	episodic	permit	excursions	with	respect	to	TSS.	However,	based	on	current	biotower	
performance	with	respect	to	soluble	BOD	removal,	it	is	not	possible	to	increase	the	SRT	with	the	
existing	volume	in	the	aeration	tanks	(even	including	the	volume	that	was	originally	designed	as	
aerobic	digesters),	which	are	undersized	to	handle	the	design	flow	from	the	biotowers	at	the	
current	loading	rate,	without	overloading	the	secondary	clarifiers.		

On	August	27th,	2013	CDM	Smith	facilitated	a	workshop	with	City	staff	to	discuss	current	plant	
operations	and	potential	technologies	appropriate	for	application	at	the	facility	to	meet	treatment	
requirements.	Several	process	alternatives	were	discussed	and	the	alternatives	were	narrowed	to	
the	most	feasible	options.	Figure	2‐1	provides	a	summary	of	the	processes	to	be	evaluated;	because	
each	unit	process	option	impacts	the	next	downstream	process,	alternatives	are	presented	as	a	
decision	tree.	For	example,	if	the	existing	biotowers	process	would	remain,	then	a	decision	would	
need	to	be	made	whether	it	is	more	cost	effective	to	add	intermediate	clarifiers	or	additional	
aeration	basin	volume.	In	summary,	three	comprehensive	process	alternatives	have	been	evaluated	
and	the	results	of	that	analysis	are	provided	in	this	memorandum.		
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Figure 2‐1 Alternatives Evaluation Decision Tree 

2.2	Biotower	Evaluation	
With	respect	to	the	decision	to	keep	or	eliminate	the	existing	biotowers,	CDM	Smith	evaluated	the	
performance	of	the	original	biotower	media	and	compared	performance	to	that	reported	for	new	
plastic	media,	based	on	the	projected	loading	to	the	process.	Four	biotowers	were	constructed	in	
1984	with	redwood	media;	two	additional	biotowers	were	installed	in	1997	with	western	cedar	
media.	The	media	is	past	its	anticipated	service	life	and	the	possibility	of	structural	failure	and	
collapse	of	the	media	support	structure	presents	an	ongoing	risk.	

The	performance	of	the	biotowers	could	be	improved	by	replacing	the	original	media	with	new	
media.	New	media	provides	a	significant	increase	in	the	surface	area	for	biofilm	growth,	resulting	in	
more	efficient	soluble	BOD	removal.	A	comparison	of	the	soluble	BOD	removal	by	the	existing	
original	media	and	the	anticipated	removal	by	new	media	is	shown	in	Figure	2‐2.	The	performance	
of	new	media	is	based	on	modeling	runs	completed	by	Brentwood	Industries	using	their	Cross‐
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Flow	Plastic	Media.	To	meet	the	treatment	objectives	at	the	design	flows	and	loads	using	the	
existing	biotowers	(if	they	remain)	it	will	be	necessary	to	replace	the	media.	The	impact	of	the	
biotowers	on	the	aeration	basin	loading	and	resulting	improvements	are	evaluated	and	discussed	
in	Section	3.0.		

Figure 2‐2 New and Existing Media Biotower Performance (% sBOD removal versus sBOD load) 

3.0	Treatment	Alternatives	
Three	treatment	alternatives	have	been	identified	for	detailed	evaluation	based	on	the	decision	tree	
presented	in	Figure	1.	The	requirements	of	each	alternative	are	described	in	this	section.	The	
evaluation	of	each	alternative	includes	a	description	of	the	required	modifications	to	the	liquid	
process	train	to	meet	the	current	draft	NPDES	permit	requirements	over	the	range	of	flows	and	
loads	associated	with	an	average	design	flow	of	90	mgd	(no	nitrification),	and	meet	the	TSS	
requirement	of	less	than	30	mg/L	on	a	consistent	basis,	for	UV	disinfection.	In	order	to	provide	a	
stable	activated	sludge	process,	a	minimum	SRT	of	2	days	was	selected	as	the	basis	of	design.	The	
implications	with	respect	to	the	solids	handling	process	are	noted	under	each	alternative,	but	
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upgrades	to	accommodate	the	additional	sludge	handling	has	not	been	included	in	this	evaluation.	
It	is	recommended	that	the	City	review	the	solids	handling	processes	if	process	improvements	are	
advanced	beyond	the	conceptual	stage.			

3.1	Alternative	1:	Abandon	Existing	Biotowers	and	Expand	Activated	
Sludge	Process		
Alternative	1	includes	abandoning	the	biotowers	in	place	and	expanding	the	activated	sludge	
process	to	meet	treatment	requirements.	CDM	Smith	developed	a	desktop	tool	that	was	utilized	to	
determine	the	loading	to	the	activated	sludge	process	without	the	soluble	BOD	removal	provided	by	
the	biotowers,	so	that	process	modifications	could	be	identified	to	address	future	flows	and	loads	
associated	with	a	design	capacity	of	90	mgd.		

The	average	daily	design	flow,	including	sidestream	recycle,	to	the	activated	sludge	process	is	95.8	
mgd	with	an	ADMM	BOD	load	of	485,000	pounds	per	day	(ppd)	and	a	TSS	load	of	297,000	ppd.	
With	an	aerobic	SRT	of	2	days	and	a	mixed	liquor	suspended	solids	(MLSS)	of	3,400	mg/L,	29.7	
million	gallons	(MG)	of	aerobic	tank	volume	is	required.	The	existing	aeration	basins	provide	18.5	
MG	of	aerobic	tank	volume,	requiring	an	additional	11.2	MG	to	be	constructed.	New	aeration	basins	
would	operate	similarly	to	the	existing	system,	i.e.,	in	two‐pass	plug	flow	mode.	As	an	alternative	to	
this	bioreactor	configuration,	the	existing	and	new	tankage	could	be	modified	to	operate	in	step‐
feed	mode,	which	would	require	less	aerobic	volume;	however,	step‐feed	would	require	
modification	of	the	tanks	to	accommodate	multiple	feed	points.	The	total	aeration	tank	volume	
required	for	step‐feed	operation	is	24	MG	(versus	29.7	MG	in	conventional	mode),	which	would	
require	an	additional	5.5	MG	of	tankage	to	the	existing	system	to	be	constructed	(footprint	50,000	
square	foot	(SF))	instead	of	the	11.2	MG	required	for	the	conventional	mode.	

To	provide	adequate	clarification	with	one	unit	out	of	service,	12	secondary	clarifiers	are	required,	
assuming	a	sludge	volume	index	(SVI)	of	150	milliliters	per	gram	(mL/g).	This	SVI	is	characteristic	
of	a	well‐settling	biomass	and	in	order	to	consistently	achieve	this	level	of	performance,	an	
anaerobic	selector	should	also	be	anticipated	as	part	of	this	alternative.	Selectors	have	established	
proven	performance	at	many	operating	plants.	The	preliminary	sizing	of	an	anaerobic	selector,	
based	on	a	hydraulic	retention	time	(HRT)	of	1	hour	(forward	flow	only)	is	3.8	MG;	the	selector	
would	be	included	between	the	primary	clarifiers	and	aeration	tanks.	

The	return	activated	sludge	(RAS)	capacity	recommended	for	this	scenario	is	100%	of	the	average	
flow	(or	90	mgd).	The	existing	RAS	pumping	system	has	a	capacity	of	104	mgd	with	all	pumps	in	
service;	however,	due	to	the	proposed	location	of	the	new	clarifiers	it	is	recommended	that	a	new	
RAS	pump	station	be	constructed	and	dedicated	to	these	clarifiers.		The	total	solids	from	primary	
sludge,	combined	with	the	waste	activated	sludge	(WAS),	are	approximately	641,000	ppd,	or	3.6	
dry	tons	per	mgd,	on	an	ADMM	basis.	The	increase	in	WAS	can	be	accommodated	using	an	
additional	pump	with	disposal	to	the	existing	lagoons.	The	increase	in	primary	sludge	may	require	
longer	operation	of	the	solids	handling	process	with	the	existing	belt	filter	presses	(BFP),	or	require	
additional	units	to	be	installed.	
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Expanding	the	existing	activated	sludge	process	to	accommodate	these	loads	would	require	
construction	of	additional	aeration	tanks,	a	new	blower	building,	an	anaerobic	selector,	secondary	
clarifiers,	and	RAS	and	WAS	pumps	housed	in	a	new	pump	station.	This	alternative	would	also	
include	removal	and	disposal	of	the	media	in	the	biotowers,	though	the	structures	would	not	be	
demolished,	but	instead	abandoned	in	place.	It	is	recommended	that	the	biotower	structures	not	be	
demolished	as	the	space	is	not	required	for	other	needs	at	this	time	and	they	could	be	used	in	the	
future	if	required	to	meet	increased	loading	or	future	ammonia	limits	requiring	nitrification	be	
added	to	the	process.	Table	3‐1	provides	a	summary	of	process	upgrades	to	implement	this	
alternative.	The	analysis	conducted	for	Alternative	1	assumes	that	additional	blowers,	clarifiers	and	
pumps	would	be	provided	in	a	configuration	similar	to	conventional	plug‐flow	treatment.		

Table 3‐1 Expand Activated Sludge Process, No Biotowers 

Process Upgrades  
Future 

Required 
Existing 

New 
Construction 

Aeration 

Aeration Tank Volume (MG)  29.7  18.5  11.2 

Anaerobic Selector Tank Volume (MG)  3.8  0  3.8 

Aeration Tank Footprint (SF)  265,000  165,000  100,000 

Air Requirement (SCFM)  335,000  240,000  95,000 

Total Blower HP  19,000  9000  10,000 

Total Number of Blowers 
10 total

9 duty 
6  4 

Clarification 

Secondary Clarifier Units (135 FT Diameter)  12  8  4 

Solids  

WAS Pumping Capacity (MGD) 
13.5 total

9.0 duty 
9.0   4.5 

Total Number of WAS Pumps  3  2  1 

RAS Pumping Capacity (MGD) 
125 total

90 duty 
104  21 

Total Number of RAS Pumps 
8 total

6 duty 
6  2 

Total Solids Production (ADMM PPD)  641,000  NA  NA 

Total Solids Production (DT/MGD)  3.6  NA  NA 
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3.2	Alternative	2:	Upgrade	Biotowers	and	Add	Intermediate	Clarifiers	
Upgrading	the	existing	biotowers	with	new	media	would	significantly	increase	their	performance	
as	noted	earlier.	The	biotowers	could	remove	more	soluble	BOD;	however,	increased	solids	
concentrations	in	the	biotower	effluent	would	occur	because	of	increased	biomass	production	and	
resultant	sloughing.	These	solids,	if	not	removed,	would	increase	the	solids	loading	to	the	aeration	
tanks	and	significantly	impact	the	activated	sludge	process	capacity.	To	avoid	construction	of	
additional	aeration	tankage	and	upgrades	to	the	ancillary	systems	to	accommodate	these	solids,	
intermediate	clarifiers	could	be	added	downstream	of	the	biotowers.			

Conceptually,	six	(6)164‐ft	diameter	intermediate	clarifiers	would	provide	a	surface	overflow	rate	
(SOR)	of	706	gallons	per	day	per	square	foot	(gpd/sf)	at	average	daily	flow	(ADF)	and	would	
remove	an	estimated	330,000	ppd	day	of	solids.	The	resultant	ADMM	load	to	the	downstream	
activated	sludge	process	would	be	166,000	ppd	BOD	and	26,000	ppd	TSS.	With	an	aerobic	SRT	of	2	
days	the	existing	aeration	tank	volume	is	adequate	for	treatment	operating	at	a	MLSS	concentration	
of	1,600	mg/L,	requiring	no	upgrade	to	the	tank	volume	or	the	air	supply	system.	The	aeration	tank	
volume	required	for	this	scenario	at	a	MLSS	of	1,600	mg/L	is	18.5	MG.	In	addition,	there	is	sufficient	
spare	volume	within	the	existing	aeration	tanks	to	insert	an	anaerobic	selector,	sized	at	3.8	MG,	
negating	the	need	to	build	a	new	structure	for	the	selector.	Incorporating	an	anaerobic	selector	into	
the	existing	tankage	would	result	in	remaining	aerobic	volume	of	14.7	MG	and	a	resulting	MLSS	
concentration	of	1,900	mg/L.		In	addition,	due	to	the	lower	required	MLSS	concentration	and	the	
reduced	solids	load	to	the	clarification	process,	the	existing	8	secondary	clarifiers	and	sludge	
pumping	capacity	are	adequate.	The	existing	clarifiers,	with	one	unit	out	of	service,	with	a	SVI	of	
150	mL/g,	provide	a	SOR	of	900	gpd/sf	and	a	solids	loading	rate	(SLR)	of	24	ppd/sf	at	ADF	without	
the	selector	and	29	ppd/sf	at	ADF	with	the	selector	.	The	total	solids	produced,	including	primary	
sludge,	intermediate	sludge	and	WAS	is	approximately	816,000	ppd,	or	4.5	dry	tons	per	mgd	on	an	
ADMM	basis.	

This	alternative	would	require	media	replacement	in	all	six	biotowers,	biotower	odor	control,	six	
164‐ft	new	intermediate	clarifiers	and	an	intermediate	sludge	pump	station.	The	overall	depth	of	
the	media	in	the	biotowers	would	be	reduced	from	21	feet	to	approximately	18	feet	and	the	floor	of	
the	biotowers	could	be	raised	to	avoid	construction	of	an	intermediate	pumping	station	to	pump	
flow	to	the	aeration	tanks.		

Table	3‐2	presents	a	summary	of	process	upgrade	requirements	to	implement	Alternative	2.	
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Table 3‐2 Upgrade Biotowers and Add Intermediate Clarifiers 

Process Upgrades  Future Required  Existing  New Construction 

Biotowers 

No. Units (135 FT Diameter)  6  6  0 

Media Depth (FT)  18  21  18 

Odor Control 

Air Requirement (SCFM)  180,000  0  180,000 

Total Fan HP  600  0  600 

Intermediate Clarification 

Intermediate Clarifier Units (164 FT Diameter)  6  0  6 

Anaerobic Selector 

Tank Volume carved out of existing aeration 
tank (MG) 

3.8  0 
3.8 (modified 
existing) 

Solids  

Intermediate Sludge Pumping Capacity (MGD) 
2.3 total

2.0 duty 
0  2.3 

Total Number of Pumps 
7 total

6 duty 
0  7 

Total Solids Production (PPD)  816,000  NA  NA 

Total Solids Production (DT/MGD)  4.5  NA  NA 

Notes:	
1.	Odor	Control	requirements	based	on	V&A	Report.		

Alternative	approaches	to	providing	odor	control	for	the	biotowers	have	not	been	evaluated	in	this	
memorandum;	odor	control	was	the	subject	of	a	separate	evaluation	recently	conducted	by	V&A.	
However,	should	Alternative	2	be	selected	and	advanced	to	the	conceptual	design	stage,	it	is	
suggested	that	alternative	odor	control	approaches	be	carefully	considered.	One	option	that	has	
been	considered	for	similar	applications	includes	capture	of	odorous	air,	and	diffusing	it	into	the	
activated	sludge	system.	This	accomplishes	two	goals:	1)	treatment	of	odor	in	the	aerobic	biological	
process	in	the	aeration	tanks;	and	2)	use	of	the	ventilated	air	stream	as	the	source	of	process	
oxygen.	While	this	odor	control	approach	has	merit,	and	has	been	successfully	used	at	other	
facilities,	there	are	several	aspects	of	the	approach	that	are	disadvantages	and	need	to	be	carefully	
considered.	These	include:	

 The	condition/characteristics	of	the	odorous	air	and	the	impact	of	contaminants	in	the	air	
stream	on	the	process,	including	condensate	handling.	

 The	material	specifications	(and	cost)	that	may	be	required	to	provide	process	blowers	that	
can	suitably	compress	the	odorous	air	to	the	required	pressure.	
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 The	potential	constraints	this	approach	may	place	on	the	ability	to	adequately	control	
dissolved	oxygen	in	the	process	tanks,	due	to	the	inability	to	turn	down	the	ventilation	rate	of	
the	odor	control	system.	

3.3	Alternative	3:	Utilize	CEPT,	Upgrade	Biotowers	and	Expand	Activated	
Sludge	Process		
Alternative	3	includes	addition	of	chemical	enhanced	primary	treatment	(CEPT),	upgrade	of	the	
biotowers	with	new	media,	and	expansion	of	the	activated	sludge	process.	In	this	alternative,	
additional	solids	would	be	removed	in	primary	treatment,	reducing	the	load	on	the	biotowers	and	
the	downstream	activated	sludge	process.	Additional	aeration	tank	volume	would	be	required,	but	
at	a	lower	volume	than	Alternative	1.	

By	adding	CEPT,	the	solids	and	organic	loading	to	the	biotowers	could	be	reduced.	The	biotowers	
would	be	upgraded	with	new	media	to	further	reduce	soluble	BOD	loading	to	the	activated	sludge	
process.	As	a	result,	the	load	to	the	activated	sludge	process	would	be	335,000	ppd	BOD	and	
336,000	ppd	TSS	under	ADMM	loading	conditions.	With	an	aerobic	SRT	of	2	days	and	a	MLSS	of	
3,100	mg/L,	the	total	aeration	tank	volume	required	is	approximately	24	MG.	The	existing	aeration	
basins	provide	18.5	MG	of	aerobic	tank	volume,	requiring	an	additional	5.7	MG	to	be	constructed.	
Similar	to	Alternative	1,	12	secondary	clarifiers	would	be	required	to	provide	adequate	clarification	
and	a	new	3.8	MG	tank	is	required	for	the	anaerobic	selector.	Also	similar	to	Alternative	1,	step‐feed	
could	be	implemented	and	would	require	slightly	less	aerobic	volume	than	plug‐flow	tanks.	
Modifications	to	the	existing	aeration	tanks	would	be	required	to	accommodate	multiple	feed	
points.	Additional	blowers,	clarifiers,	and	pumps	would	be	the	same	as	for	conventional	treatment.	
The	total	aeration	tank	volume	required	for	step‐feed	is	19.6	MG	(vs.	24.2	MG	for	conventional),	
which	would	require	an	additional	1.1	MG	of	tankage	be	constructed	(footprint	of	10,000	SF)	
instead	of	the	5.7MG	required	for	the	conventional	mode.	

The	required	RAS	rate	for	this	scenario	is	82%	of	the	average	flow	or	74	mgd.	The	existing	RAS	
pumping	system	has	a	capacity	of	104	mgd	with	all	pumps	in	service;	however,	due	to	the	proposed	
location	of	the	new	clarifiers	it	is	recommended	that	a	new	RAS	pump	station	be	constructed	and	
dedicated	to	these	clarifiers.		The	total	solids	produced,	including	primary	sludge	and	WAS,	is	
approximately	726,000	ppd	or	4.0	dry	tons	per	mgd	on	an	ADMM	basis.	The	increase	in	WAS	can	be	
accommodated	using	an	additional	pump	with	disposal	of	biosolids	to	the	existing	lagoons.	The	
increase	in	primary	sludge	may	require	longer	operation	of	the	solids	handling	process	with	the	
existing	belt	filter	presses	(BFP)	or	require	additional	units	to	be	installed.	The	inert	chemical	solids	
from	the	CEPT	process	would	not	be	biodegraded	in	the	lagoons,	and	the	impacts	of	the	additional	
inert	materials	would	have	to	be	evaluated,	particularly	in	light	of	the	ongoing	work	on	Lagoon	#5.	
As	a	result,	the	chemical	sludge	from	the	primaries	may	require	an	alternate	disposal	method.		

This	alternative	would	require	a	chemical	feed	system	and	building,	media	replacement	in	all	six	
biotowers,	biotower	odor	control,	additional	aeration	tanks	and	one	new	blower,	secondary	
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clarifiers,	and	RAS	and	WAS	pumps.	Table	3‐3	presents	a	summary	of	process	upgrade	
requirements	to	implement	Alternative	3.			

Table 3‐3 CEPT, Biotower & Activated Sludge Upgrades 

Process Upgrades  Future Required  Existing  New Construction 

CEPT 

Chemical Feed System (ferric chloride)

‐ Four 9,000‐gal FRP storage tanks with 
pumps and controls 

1  0  1 

Chemical Feed System Building (SF)   2400  0  2400 

Biotowers 

No. Units (135 FT Diameter)  6  6  0 

Media Depth (FT)  21  21  21 

Odor control 

Air Requirement (SCFM)  180,000  0  180,000 

Total Fan HP  600  0  600 

Aeration  

Aeration Tank Volume (MG)  24.2  18.5  5.7 

Anaerobic Selector (MG)  3.8  0  3.8 

Aeration Tank Footprint (SF)  215,000  165,000  50,000 

Air Requirement (SCFM)  246,000  240,000  6,000 

Total Blower HP  14,000  9,000  5,000 

Total Number of Blowers 
7 total

6 duty 
6  1 

Clarification 

Secondary Clarifier Units (135 FT Diameter)  12  8  4 

Solids  

WAS Pumping Capacity (MGD) 
13.5 total

9 duty 
9   4.5 

Total Number of WAS Pumps  3  2  1 

RAS Pumping Capacity (MGD) 
125 total

90 duty 
104 total  21 

Total Number of RAS Pumps 
8 total

6 duty 
6  2 

Total Solids Production (PPD)  726,000  NA  NA 

Total Solids Production (DT/MGD)  4.1  NA  NA 
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4.0	Conceptual	Layouts	of	Alternatives	
This	section	presents	conceptual	level	layouts	for	each	alternative.	In	addition	to	addressing	
process	modifications	for	each	alternative,	the	layouts	identify	a	location	for	the	effluent	pump	
station	wet	well	and	disinfection	facilities,	which	have	been	evaluated	separately	as	part	of	the	
disinfection	study	and	would	be	incorporated	into	the	upgrade	alternatives.	

4.1	Alternative	1:	Abandon	Existing	Biotowers	and	Expand	Activated	
Sludge	Process		
Figure	4‐1	shows	a	conceptual	layout	for	Alternative	1	–	abandoning	the	existing	biotowers	and	
expanding	the	activated	sludge	process	as	described	in	Section	3.1.	The	existing	biotower	media	
would	be	removed	and	disposed	of	at	a	landfill.	In	order	to	provide	a	3.8	MG	anaerobic	selector,	an	
approximate	footprint	of	256	ft	x	128	ft	would	be	required	for	a	new	basin	with	a	sidewater	depth	
of	15	ft.	An	additional	11.2	MG,	or	100,000	square	feet	of	aeration	tank	volume	(operated	in	
conventional	mode),	would	be	required	for	this	alternative	and	has	been	preliminary	shown	west	of	
the	biotowers.	The	two	retrofitted	clarifiers	(Nos.	5N	and	5S)	would	not	be	used	due	to	hydraulic	
issues	and	the	space	could	be	repurposed	as	wet	wells	for	the	effluent	pump	station.	Four	
additional	new	clarifiers	are	required	and	could	be	located	adjacent	to	the	new	aeration	tanks.	The	
existing	blower	and	RAS	buildings	do	not	have	adequate	space	to	accommodate	additional	
equipment	and	a	new	building	is	required;	the	blower	and	RAS	building	has	been	shown	adjacent	to	
the	new	aeration	tanks	and	clarifiers.		The	disinfection	facility	would	be	located	between	the	two	
sets	of	secondary	clarifiers	as	a	central	point	for	the	secondary	effluent	to	combine	and	be	treated.	

4.2	Alternative	2:	Upgrade	Biotowers	and	Add	Intermediate	Clarifiers	
Figure	4‐2	shows	a	conceptual	layout	for	implementing	Alternative	2	–	upgrading	the	biotowers	
and	adding	intermediate	clarifiers.	The	existing	biotowers	would	remain	and	the	media	would	be	
replaced	with	“cross	flow”	type	high‐surface	area	media,	as	manufactured	by	Brentwood	Industries	
or	equivalent.	An	odor	control	system	would	be	provided	to	treat	air	from	the	biotowers	and	this	
system	would	be	located	adjacent	to	the	biotowers.	Six	intermediate	clarifiers	would	be	required	to	
remove	solids	prior	to	the	activated	sludge	process	and	could	be	located	to	the	east	of	the	existing	
biotowers.	To	avoid	the	need	to	pump	wastewater	from	the	intermediate	clarifiers	to	the	aeration	
tanks,	the	biotower	filter	depth	would	be	reduced	from	the	current	depth	of	21‐ft	to	18‐ft	and	the	
floor	of	the	existing	structures	would	be	raised.	A	sludge	pump	station	to	convey	the	settled	solids	
from	the	clarifiers	to	the	solids	handling	process	would	need	to	be	constructed	adjacent	to	the	
intermediate	clarifiers.	No	new	aeration	tank	volume	would	be	necessary,	and	there	would	be	
sufficient	volume	in	the	existing	aeration	tankage	to	convert	3.8	MG	into	an	anaerobic	selector.	The	
two	retrofitted	clarifiers	(Nos.	5N	and	5S)	would	not	be	reused	and	the	space	could	be	repurposed	
for	wet	wells	to	the	effluent	pump	station.	The	disinfection	facility	would	be	located	west	of	the	
secondary	clarifiers	at	the	end	of	the	treatment	process.		
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Figure No. 4-1
Alternative No. 1
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Figure No. 4-2
Alternative No. 2
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4.3	Alternative	3:	Utilize	CEPT,	Upgrade	Biotowers	and	Expand	Activated	
Sludge	Process		
Figure	4‐3	shows	a	conceptual	layout	for	Alternative	3	–	utilizing	CEPT	with	upgrades	to	the	
biotowers	and	the	activated	sludge	process.	To	implement	the	CEPT	process,	a	chemical	feed	
system	would	be	required	in	a	new	building	located	just	to	the	east	of	the	primary	clarifiers.	The	
building	would	be	located	adjacent	to	a	plant	driveway	to	facilitate	chemical	deliveries	(assumed	to	
be	ferric	chloride	for	this	analysis).	The	CEPT	building	would	house	chemical	storage	tanks,	pumps	
and	ancillary	mechanical,	electrical	and	instrumentation	equipment.	The	existing	biotowers	would	
remain	and	the	media	would	be	replaced	with	new	high‐surface	area	media	(as	noted	in	Alternative	
2).	The	biotower	depth	would	remain	at	21‐ft	deep.	An	odor	control	system	would	be	provided	to	
treat	air	from	the	biotowers;	the	odor	control	facility	would	be	located	adjacent	to	the	biotowers.	A	
3.8	MG	anaerobic	selector,	approximate	footprint	of	256	ft	x	128	ft,	would	be	required.	An	
additional	5.7	MG	of	aerobic	volume	is	required	for	the	activated	sludge	process	and	could	be	
located	adjacent	to	the	existing	tanks.	The	two	retrofitted	clarifiers	(Nos.	5N	and	5S)	would	not	be	
reused	and	the	space	could	be	repurposed	as	wet	wells	for	the	effluent	pump	station.	Four	
additional	clarifiers	are	required	and	could	be	located	adjacent	to	the	biotowers.	Due	to	hydraulic	
constraints	and	lack	of	space	in	the	existing	RAS	building,	a	new	pump	station	would	be	located	
central	to	the	new	clarifiers.	The	disinfection	facility	would	be	located	west	of	the	secondary	
clarifiers	at	the	end	of	the	treatment	process.		

5.0	Engineer’s	Opinions	of	Probable	Costs	
5.1	Basic	Assumptions	
For	this	study,	probable	capital	(construction)	costs	were	estimated	based	on	vendor	quotes,	
estimation	of	construction	quantities	and	building	spaces,	cost	information	from	recently	
completed	projects	and	other	relevant	sources.	Specific	capital	cost	estimating	factors	include	
indirect	costs,	contractor's	general	conditions,	contractor’s	overhead	and	profit,	contingencies,	and	
engineering	and	implementation.	Indirect	costs	include	costs	associated	with	permits,	sales	tax,	
insurance	and	bonds.	Adjustments	and	changes	made	during	subsequent	stages	of	design	would	
affect	the	estimates,	as	would	future	escalation	in	the	cost	of	materials,	labor,	and	equipment.	
Specific	capital	cost	factors	used	in	this	memorandum	to	calculate	the	probable	costs	include:	

Construction	Contingency	 	 	 	 30	percent	

Contractor	GC	Field	General	Conditions	 	 10	percent	

Contractor	GC	Indirects,	Overhead	&	Profit		 	 10	percent		

Contractor	Bonds	and	Insurance	 	 	 3.65	percent	

Planning,	Design	and	Construction	Services	 	 10	percent	

Utility	Administration,	Legal,	bonds	&	Insurance	 3	percent	
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Figure No. 4-3
Alternative No. 3
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5.2	Opinion	of	Probable	Project	Costs	
The	capital	construction	costs	for	each	alternative	include	the	process	modifications	as	described	in	
the	previous	sections.	In	addition	to	the	process	modifications,	estimated	costs	for	potential	
electrical	modifications	required	to	support	the	process	modifications	and	to	retrofit	the	effluent	
pump	station	and	wet	well	were	included;	however,	no	actual	electrical	evaluation	or	
recommendations	were	completed.	The	electrical	costs	included	are	estimated	based	on	past	
relevant	projects.	For	planning	level	purposes,	the	electrical	upgrades	have	been	estimated	at	10	
percent	of	the	direct	construction	cost.		For	each	alternative	placeholders	of	$1	million	and	$3	
million,	respectively,	have	been	allocated	to	account	for	the	provision	of	a	new	or	modified	effluent	
pump	station	wet	well	(as	an	actual	design	concept	was	not	completed	as	part	of	this	study)	as	well	
as	the	addition	of	an	anaerobic	selector	for	biological	treatment	as	part	of	each	of	the	alternatives	as	
discussed	above.	Table	5‐1	provides	a	summary	of	the	Opinion	of	Probable	Project	Cost	(OPPC)	for	
each	alternative.	

Table 5‐1 Opinion of Probable Project Cost 

Alternative  Description 
Individual 
OPPC 

1 
No Biotowers

Expand Activated Sludge Process 

$78,000,000 Conventional 

($68,000,000 Step Feed) 

2 
Upgrade Biotowers &

 Activated Sludge Process 
$82,000,000 

3 
CEPT, Upgrade Biotowers &
 Activated Sludge Process 

$104,000,000 

	
For	Alternative	1,	which	does	not	utilize	the	existing	biotowers,	it	was	assumed	that	the	biotower	
media	would	be	removed	and	disposed	of	at	a	landfill	and	the	towers	would	be	abandoned	in	place.	
No	cost	was	added	for	demolition	of	the	tower	structures;	it	is	recommended	that	the	structures	be	
abandoned	in	place	as	the	space	is	not	needed	at	this	time	for	other	purposes.	Also,	it	allows	for	the	
biotowers	to	be	put	back	in	operation	in	the	future	if	the	loading	conditions	change.	In	addition,	the	
capital	cost	for	the	odor	control	system	identified	in	the	August	14,	2013	V&A	technical	
memorandum	is	included	in	both	Alternatives	2	and	3	at	the	previously	identified	cost	of	$7.2	
million.	CDM	Smith	has	not	independently	verified	the	sizing	of	this	facility	or	the	line	item	cost.	

5.3	Comparative	Operational	Costs	
To	compare	the	approximate	differences	in	operational	costs	among	alternatives,	chemical,	power,	
and	labor	costs	associated	with	each	alternative	have	been	developed	and	are	presented	in	Table	
5‐2.	Cost	assumptions	used	in	this	evaluation	include:	

Power			 	 $0.076	per	kilowatt‐hour	(kWh)	

Labor	Rate	 	 $40/hr.	

Ferric	chloride	(FeCl3)		$1.06/gal	(obtained	verbally	from	Kemira	for	36%	solution)	
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  Table 5‐2 Comparative Annual Operating Costs 

Alternative  Description 
Labor 

Cost 

Power 

Cost 

FeCl3 
 Cost 

Comparative Cost 

1 
No Biotowers 

Expand Activated Sludge Process 
$0  $5,400,000  $0  $5,400,000 

2 
Upgrade Biotowers &

 Activated Sludge Process 
$17,000  $4,200,000  $0  $4,217,000 

3 
CEPT, Upgrade Biotowers &
 Activated Sludge Process 

$250,000  $5,700,000  $2,100,000  $8,050,000 

			Notes:	
			1.	Operational	costs	are	for	alternative	comparison	only	and	do	not	reflect	total	plant	operating	cost.	

	
Power	costs	are	differential	costs,	based	on	major	motor	loads	that	are	included	in	one	or	more	
alternatives.	The	power	costs	do	not	include	those	that	apply	equally	to	all	alternatives.	The	process	
equipment	considered	for	the	comparative	power	consumption	includes:	

CEPT	chemical	feed	system	

Intermediate	pump	station	(from	primary	clarifiers	to	biotowers)	

Biotower	recirculation	pumps		

Biotower	odor	control	fans	

Intermediate	clarifiers	

Intermediate	sludge	pumps	

Aeration	tank	blowers	

Secondary	clarifiers	

RAS	and	WAS	pumps		

For	aeration	blower	power	estimates,	horsepower	requirements	were	estimated	based	on	average	
day	demand	(at	90	mgd),	assuming	six	months	per	season	based	on	winter	and	summer	air	
requirements.	The	biotower	odor	control	fans	were	based	on	a	ventilation	rate	of	30,000	cubic	feet	
per	minute	(cfm)	per	biotower,	as	determined	by	V&A	Consultants	in	a	technical	memorandum	
dated	August	14,	2013.	The	horsepower	requirements	for	the	odor	control	fans	were	not	included	
in	the	V&A	evaluation;	CDM	Smith	estimated	power	based	on	the	air	requirement	determined	by	
V&A	to	be	100	horsepower	(hp).	If	odor	control	is	to	be	implemented,	the	horsepower	requirement	
would	be	confirmed	during	subsequent	stages	of	more	detailed	engineering.	The	cost	of	odor	
control	media	replacement	for	the	odor	control	biofilters	has	not	been	included	in	this	evaluation.	
The	V&A	report	indicates	that	the	City	may	own	a	low‐	or	no‐cost	source	of	media,	but	it	should	be	
noted	that	the	media	may	need	to	be	replaced	every	3‐6	years	depending	on	loading	to	the	process.	
As	previously	discussed,	solids	handling	has	not	been	included	in	this	evaluation	and	the	associated	
impacts	to	operations	has	not	been	included	in	these	costs.	

EPA-HQ-2019-004783   001841



	
	
T.E.	Maxson	WWTP	Process	Alternative	Evaluation	
November	27,	2013	
Page	20	

	

PW.XM1.6016.100015.03.04.Final TM Deliverable    LRG1658 Tech Memo.docx 

	

5.4	Summary	of	Life	Cycle	Costs		
The	approximate	difference	in	life	cycle	costs	associated	with	each	alternative	has	been	developed	
and	is	presented	in	Table	5‐3.	The	lifecycle	cost	includes	the	OPCC	for	construction	and	the	annual	
operating	costs	summarized	in	Table	5‐2.	Assumptions	used	in	this	evaluation	include:	

Planning	period	 20	years	

Discount	rate	 	 4.13	percent	

Inflation	rate	 	 3.00	percent	

Power	escalation	rate	 2.00	percent	

Table	5‐3	provides	a	summary	of	the	lifecycle	costs	of	the	three	alternatives	and	indicates	that	
Alternative	1	has	the	lowest	capital	cost	and	the	20‐year	present	worth	of	this	alternative	with	
higher	operations	costs	makes	Alternative	2	a	viable	option	as	well.	The	power	requirement	for	
aeration	is	the	significant	operating	cost	for	Alterative	1.	Utilizing	CEPT	(Alternative	3)	has	both	a	
high	capital	cost	and	a	high	operations	cost,	primarily	due	to	the	need	to	implement	capital	
improvements	in	primary	treatment,	biotowers	upgrades	and	the	activated	sludge	process.	
Additional	chemical	requirements	also	significantly	impact	the	operations	costs	of	Alternative	3.	

Table 5‐3 Total 20‐Year Life Cycle Comparison of Alternatives 

Alternative  Description  Capital Cost (OPPC) 
20 Year 

Operations 
Present Worth 

20 Year Total 
Present Worth 

1 
No Biotowers 

Expand Activated Sludge Process 

$78,000,000 Conventional

($68,000,000 Step Feed) 
$118,000,000 

$196,000,000 Conventional

($186,000,000 Step Feed) 

2 
Upgrade Biotowers & 

 Activated Sludge Process 
$82,000,000  $92,000,000  $174,000,000 

3 
CEPT, Upgrade Biotowers & 
 Activated Sludge Process 

$104,000,000

($94,000,000 Step Feed) 
$167,000,000 

$271,000,000

($261,000,000 Step Feed) 

	

5.5	Recommendations		
Although	a	solids	handling	evaluation	was	not	completed,	impacts	to	the	solids	handling	operations	
should	be	considered	and	fully	understood	in	determining	a	recommended	approach	for	expanding	
the	WWTP.	The	operation	for	solids	handling	for	Alternative	1	and	2	would	remain	essentially	the	
same	as	the	current	operation,	with	biological	solids	pumped	directly	to	the	lagoons	and	primary	
sludge	dewatered	and	discharged	to	the	lagoons.	The	existing	belt	filter	presses	may	be	adequate	
for	dewatering	the	increased	solids	by	extending	the	hours	of	operation	or	installing	additional	
units.	Alternative	3,	CEPT	with	activated	sludge	process,	produces	two	types	of	sludge;	an	
additional	chemical	sludge	is	produced	from	the	CEPT	process	and	will	require	that	the	sludge	be	
disposed	of	separately	from	the	biological	sludge.		
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Due	to	the	high	capital	and	operations	costs	of	Alternative	3	coupled	with	the	potential	complexities	
associated	with	handling	inert	solids	from	the	CEPT	process,	this	option	is	not	considered	a	viable	
alternative	and	can	be	eliminated	from	further	evaluation.	Alternative	1	and	2	are	both	feasible	
options	that	provide	their	own	benefits	to	the	WWTP.	A	summary	of	the	advantages	and	challenges	
of	each	of	these	two	alternatives	are	summarized	in	Table	5‐4.		

Table 5‐4 Non‐Cost Comparison of Alternatives 1 and 2 

  Alternative 1  Alternative 2 

Description  Abandon biotowers and expand activated 

sludge process. 

Upgrade biotowers and add intermediate 

clarifiers. 

Impacts to Process 

Configuration for Potential 

Future Ammonia Limit 

Aerobic SRT would have to be quadrupled 

(to 8 days) to nitrify year‐round. This would 

require a 4x increase in aeration basin 

volume to keep the same MLSS 

concentration of 3,400 mg/L (this assumes 

no additional secondary clarifiers).  Final 

configuration with step‐feed would have 96 

MG of aerobic tankage and 12 secondary 

clarifiers. Fitting the necessary aeration 

tank volume on the site may be marginally 

feasible.  

Aerobic SRT would have to be quadrupled (to 8 

days) to nitrify year‐round. This would require a 

2.25x increase in aeration basin volume and four 

additional secondary clarifiers.  Final 

configuration without step‐feed and the selector 

inside the existing aeration tankage would have 

33 MG of aerobic tankage and 12 secondary 

clarifiers, while increasing the MLSS from 1,900 

mg/L to 3,400 mg/L. The additional requirements 

are less than Alternative 1 because the MLSS 

concentration for Alternative No. 2 can be raised 

to equal Alternative No. 1 to offset additional 

aerobic tankage. 

Impacts to Process 

Configuration for Potential 

Future TN Requirements 

Sufficient soluble BOD for process to be 

expanded would be available. Anoxic 

process volume would need to be added; 

the anaerobic selector volume could be 

converted to provide at least a portion of 

the required anoxic volume. 

Biotowers would need to be removed, or at least 

the ability to bypass all or a portion of the flow 

around the biotowers would be necessary to 

provide sufficient soluble BOD to the activated 

sludge process. Anoxic process volume would 

need to be added; the anaerobic selector volume 

could be converted to provide at least a portion 

of the required anoxic volume. 

Odor Control  Biotowers and Intermediate Pump Station 

not required, eliminating this specific 

source of odor and need for control. 

Biotowers and Intermediate Pump Station remain 

and odor control system will be required. 

Additional Capacity/ 

Process Flexibility 

No ability to increase MLSS (3,500 mg/L) in 

existing tankage, 20 mg/L estimated 

effluent TSS. No additional process capacity 

available. 

Lower MLSS  (1,600 mg/L) requires 13.5 MG of 

aeration volume of the 18.5 MG available; 

process flexibility available to allow increase of 

MLSS in existing tankage; 10 mg/L estimated 

effluent TSS. 

Maintenance of operations 

during construction 

Existing processes can operate largely 

without impact during construction. 

Only one biotower can be out of service at a time 

for media replacement. 
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	Tables	5‐1,	5‐2	and	5‐3	show	that	on	an	economic	basis,	Alternatives	1	and	2	are	in	the	same	range.	
Alternative	1	is	more	economical	on	a	capital‐cost	basis,	and	Alternative	2	is	more	economical	on	an	
annual	operating	cost	basis,	and	has	a	lower	20‐year	life	cycle	cost.	Because	the	economics	are	
“close”,	the	right	alternative	for	the	plant	to	implement	therefore	must	result	from	a	considered	
weighing	of	the	non‐economic	factors	presented	by	each	option.		

The	most	critical	non‐economic	consideration	in	deciding	between	Alternative	1	and	Alternative	2	
is	the	potential	requirement	for	the	plant	to	achieve	nitrification	(either	year‐round	or	seasonal)	or	
total	nitrogen	removal	in	the	future.	As	indicated	by	review	of	Table	5‐4,	if	the	plant	is	required	to	
remove	ammonia	(to	nitrify)	in	the	future,	then	Alternative	2	would	be	the	preferred	option;	
however,	if	the	plant	is	required	to	remove	total	nitrogen	(to	denitrify)	in	the	future,	then	
Alternative	1	would	be	preferred.	At	this	time,	it	is	unknown	which,	if	either,	of	these	performance	
requirements	will	become	part	of	the	plant’s	discharge	permit.		

However,	it	is	possible	to	proceed	with	needed	process	upgrades	now	while	keeping	options	open	
for	meeting	future	permit	possibilities.	By	selecting	Alternative	1	now,	the	plant	would	implement	
the	lowest	capital	cost	option	now,	and	if	implemented	correctly,	could	maintain	the	flexibility	to	
best	address	future	permit	requirements	for	either	ammonia	or	total	nitrogen.	The	expansion	of	the	
activated	sludge	process	described	to	implement	Alternative	1,	consisting	primarily	of	new	aeration	
tankage,	clarifiers	and	supporting	systems,	would	be	sited	and	built	to	accommodate	further	
expansion	to	meet	potential	future	permit	requirements.	The	biotower	structures	would	be	
abandoned	in	place	but	not	demolished;	therefore,	it	would	be	possible	to	put	back	into	operation	
in	the	future	if	ammonia	removal	is	required.	In	addition,	the	siting	of	the	Alternative	1	facilities	
would	allow	for	site	footprint	to	be	allocated	for	intermediate	clarifiers	in	the	future	(east	of	the	
biotowers	as	shown	in	Alternative	2),	if	total	nitrogen	removal	is	required	in	the	future.	In	the	event	
that	a	future	nitrogen	limit	is	required,	the	biotowers	could	then	be	demolished	and	additional	
aeration	tankage	could	be	constructed	in	this	space.	

Because	of	its	flexibility	to	be	designed	and	arranged	to	be	suitable	for	future	adaptation	to	either	
ammonia	or	total	nitrogen	limits,	Alternative	1	is	recommended	for	implementation	at	this	time.		
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November 18th, 2013 

Kati Bell, Ph.D. 
CDM Smith 
210 25th Avenue North, Suite 1102           
Nashville, TN 37203                  
 
Re:  VigorOx® WWT II Disinfection Process for the Maxson WWTP 

 
Dear Kati, 
 
Following our July 26th proposal for the Stiles WWTP, we would like to submit for your consideration a 
similarly structured proposal for the use of the VigorOx® WWTII Disinfection Process at the Maxson 
WWTP.  The pricing approach is based on water quality parameter ranges that are expected to 
represent most operating conditions expected at the plant. 
 
1. Scope of Supply 
 
Equipment 
 

Two (2) 40,000 gal Storage Tanks for VigorOx WWTII, including all nozzles, level instrumentation, tie-
downs. 

One (1) VigorOx Feed and Control System, including four (4) chemical feed pumps (two injection points), 
PLC-based system control panel, color touch-screen HMI, two (2) on-line PAA probes. 

 
Disinfectant 
 

VigorOx® WWTII Peracetic Acid, Delivered Bulk 

100% of Plant Requirements during contract period 

 
Services 
 

Equipment Startup 

Disinfectant Delivery and Tank Fill Up 

Tank Level Monitoring and Delivery Scheduling 

Disinfection Process Remote Monitoring 

Equipment Preventive Maintenance 

Equipment Corrective Maintenance 

 
Process Guarantee 
 

Under the full disinfection solution model, FMC guarantees compliance with the plants NPDES permit 
pathogen limits: (a) daily maximum and (b) 30-day geometric mean of daily grab samples. The 
mechanism to assess penalties for non-compliance will be negotiated with the City. 
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1.2 Commercial Terms 
 
Pricing 
 

TSS Range Bracket Price per MGD 

0 to <15 $89.00 

>15 to <30 $153.00 

>30 to <96 $253.00 

>96 $500.00 

 
 Price includes all items listed under ‘1.1 Scope of Supply’. 
 Invoices will be generated monthly. 
 Invoice amount will be calculated at the end of the month, by adding the month’s daily totals 

(MGD * Price) and considering the daily average value for each of the water quality parameters 
to select the appropriate price tier. 

 Flow rate, Color and TSS are to be measured continuously and on-line; instruments to be 
calibrated periodically by a third party. 

 Pricing also assumes influent pathogen count will not exceed 1x106 CFU/100ml. 
 Pricing and calculations are based on a minimum contact time of 15 minutes 

 
Contract Duration 
 

 Minimum contract duration: 5 yrs 
 
Evaluation Period 
 

 Understanding that the pricing above is based on limited data, FMC proposes to establish a six 
month evaluation period in which real plant conditions and disinfectant demand can be properly 
evaluated. After this six month period, both the City of Memphis and FMC will have the right to 
renegotiate price or terminate the contract if agreement on pricing cannot be reached. 

 
All other terms and conditions will be negotiated with the City of Memphis. 
 
This pricing is provided for CDM Smith’s use in connection to the City of Memphis’ Stiles WWTP project 
only, and we ask that these price ranges are treated as confidential information that should not be 
disclosed to any third parties, other than CDM Smith’s client for this project. 
 
Best regards, 
 
 
Alberto Garibi 
Business Manager, Water Treatment 
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ES‐1 

Executive Summary 

The	City	of	Memphis	has	been	evaluating	various	disinfection	alternatives	for	use	at	the	T.E.	
Maxson	Wastewater	Treatment	Plant	(Maxson)	over	the	past	several	years.	Since	the	previous	
pilot	work,	performed	by	CDM	Smith	in	2013,	two	major	changes	have	occurred	at	Maxson.	First,	
during	the	2013	pilot	testing,	a	portion	of	the	plant	treatment	process	was	being	bypassed	to	
allow	for	the	construction/installation	of	the	new	fine	screen	facility	prior	to	the	primary	
clarifiers.	Second,	a	major	industrial	contributor	(Cargill)	to	Maxson	closed	and	was	anticipated	to	
result	in	a	significant	reduction	in	overall	plant	loading.	As	a	result,	supplemental	pilot	testing	of	
peracetic	acid	(PAA)	was	performed	at	Maxson.	In	addition,	supplemental	UV	related	analysis	
were	performed,	as	was	bench	testing	the	utilization	of	UV	and	PAA	as	a	combined	disinfectant.		

This	report	provides	a	summary	of	on‐site	pilot	testing	and	development	of	the	disinfection	
kinetics	model	for	establishing	design	criteria	for	a	PAA	disinfection	system.	The	kinetic	model	
allows	selection	of	design	doses	for	a	range	of	contacts	times	and	bacterial	inactivation	set	points.	
Updated	design	criteria	for	a	UV	system,	based	on	new	collimated	beam	data,	were	also	
developed.	In	addition	to	the	PAA	pilot	study	results,	results	from	bench	scale	testing	of	UV/PAA	
combined	testing	are	also	reported.	

The	key	objectives	of	the	additional	pilot	testing	conducted	were	aimed	at	supplementing	the	
bench	and	pilot	testing	that	have	previously	been	conducted	at	the	Maxson	WWTP.	In	order	to	
confirm	the	results	of	previous	testing,	in	light	of	the	recent	changes	at	the	facility,	the	following	
objectives	were	addressed	with	respect	to	meeting	limits	for	Escherichia	coli	(E.	coli)	as	outlined	
in	the	current	draft	National	Pollutant	Discharge	Elimination	System	(NPDES)	permit:		

 Refine	the	design	criteria	for	PAA	disinfection	to	meet	disinfection	limits		

 Determine	the	kinetic	model	parameters	to	predict	PAA	disinfection	efficacy	across	a	
range	of	doses	and	contact	times	

 Determine	the	design	dose	for	average	conditions	to	support	calculation	of	associated	
operating	costs	

 Confirm	the	UV	disinfection	design	dose	to	support	estimates	of	capital	and	operating	costs	

The	key	objectives	of	the	bench	scale	UV/PAA	disinfection	study	included:	

 Quantify	and	compare	disinfection	kinetics	among	several	UV	and	PAA	combinations	
including:	

 PAA	alone,	UV	alone,	UV	followed	by	PAA,	PAA	followed	by	UV,	simultaneous	
disinfection	with	UV	and	PAA.	

 Propose	a	mechanistic	model	to	describe	the	efficacy	of	the	combined	disinfectant	

PAA	pilot	testing	commenced	on	Monday,	May	4th,	and	continued	through	Friday,	June	5th,	2015;	
samples	were	collected	and	submitted	to	Environmental	Testing	and	Consulting	Laboratory,	
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located	in	Memphis,	Tennessee.	Results	and	analysis	of	data	are	provided	in	this	document.	The	
disinfection	kinetics	model	that	was	developed	allowed	CDM	Smith	to	make	recommendations	on	
both	UV	and	PAA	design	criteria	and	directly	compare	lifecycle	costs	for	the	two	disinfection	
alternatives.	

Three	disinfection	set	points	were	established	to	reflect	average,	peak,	and	minimum	conditions	
at	the	plant.	The	basis	for	these	set	points	are	described	in	Section	3.	Table	ES‐1	shows	the	
results	of	the	PAA	pilot	results	analysis	for	each	of	the	disinfection	set	points	in	the	terms	of	CT.	
The	required	CT	can	be	achieved	through	numerous	combinations	of	time	and	PAA	dose.	A	cost	
optimization	was	performed	to	determine	the	most	effective	combination	of	contact	time	and	
dose	to	reduce	overall	lifecycle	costs	while	constraining	the	cost	of	the	contact	tank	to	less	than	
$10	million	and	ensuring	that	the	resulting	residual	PAA	concentration	is	between	0.4	mg/L	and	
1.5	mg/L.	Based	on	these	design	criteria,	a	sodium	bisulfite	system	would	not	be	required	for	any	
of	these	set	points,	although	an	emergency	SBS	system	is	recommended	and	was	included	in	the	
lifecycle	analysis.	

	
Table ES‐1: Required PAA CTs and Design Points 

Set Point 
Flow 
(MGD) 

Required Log Inactivation  CT* 

Average Conditions  90  3.92  87.1 

Peak Conditions  170  3.82  74.1 

Minimum Conditions  50  2.81  22.4 
*CT	results	include	a	1.3x	safety	factor	

Several	new	collimated	beam	(CB)	analyses	were	performed	to	determine	if	disinfection	
requirements	have	changed	due	to	changes	in	plant	influent	since	2013.	A	comparison	of	the	
recent	and	historical	CB	data	performed	by	Trojan	Technologies	is	shown	in	Figure	ES‐1.	These	
represent	the	average	of	the	entire	dataset	from	each	year.	There	is	no	significant	difference	
between	the	two	datasets.	The	effectiveness	of	a	UV	disinfection	system	relies	heavily	on	the	UV	
transmittance	(UVT)	of	the	influent	to	the	system.	During	the	pilot	period,	the	observed	average	
UVT	was	16%,	which	was	lower	than	those	observed	during	the	2013	pilot	testing.		
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Figure ES‐1: Comparison of Recent and Historical Collimated Beam Data 
	
A	mechanistic	model	was	developed,	based	on	the	results	of	the	combined	UV/PAA	disinfection	
bench	test,	to	predict	the	results	of	combined	disinfection	using	UV	and	PAA.	Results	indicated	
that	the	most	effective	combination	of	the	two	is	UV	followed	by	PAA.	Figure	ES‐2	was	developed	
to	illustrate	the	different	combinations	of	UV	and	PAA	that	would	be	required	to	maintain	an	
effluent	concentration	of	126	cfu/100	mL	of	E.	coli.	Although	the	results	are	promising,	further	
research	is	required	to	accurately	describe	the	effect	of	combined	disinfection,	and	the	economic	
analysis	that	was	performed	based	on	the	results	did	not	indicate	significant	economic	savings	
through	application	of	a	combined	disinfection	system.	The	full	UV/PAA	bench	testing	report	
from	Trojan	Technologies	is	included	as	Appendix	A.	
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Figure ES‐2: Model predicted combinations of PAA dose and UV doses required to achieve an E. coli 
disinfection target of 126 cfu / 100 mL when applying the sequential UV→PAA treatment process. 
	

Comparative	20	year	life	cycle	costs	of	three	alternative	disinfection	systems	are	shown	in	Figure	
ES‐3.	The	first	alternative	is	a	PAA	system	with	a	contact	tank	providing	31	minutes	of	contact	
time	at	average	flow,	the	second	system	is	a	PAA	system	providing	31	minutes	of	contact	team	at	
peak	flow,	and	the	third	is	a	UV	system	designed	to	treat	water	at	20%	UVT.	Providing	more	
contact	time	at	average	flow	eliminated	the	need	for	quenching	with	sodium	bisulfite.	Although	
the	lifecycle	costs	of	the	UV	alternative	is	lower	than	that	of	the	two	PAA	alternatives,	the	City	of	
Memphis	and	CDM	Smith	discussed	the	impacts	caused	by	the	variability	of	the	low	UV	
transmittance	seen	in	the	Maxson	WWTP	effluent.	The	variability	likely	stems	from	the	change	in	
processes	and	raw	materials	utilized	by	industrial	users	within	the	City’s	collection	system,	which	
may	further	decrease	UVT	and	adversely	affect	a	UV	system.	Based	upon	these	discussions	it	was	
decided	to	eliminate	UV	from	the	list	of	disinfection	alternatives.	Results	of	the	detailed	cost	
analysis	and	the	pilot	data	indicate	that	the	most	cost	effective	contact	tank	size	to	reduce	overall	
lifecycle	costs	is	489,	000	cubic	ft.	Design	parameters	for	the	PAA	system	are	shown	in	Table	ES‐
2.		
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Figure ES‐3: 20 Year Lifecycle Analysis of Three Disinfection Options 
 
Table ES‐2: PAA System Design Parameters 

Tank Size  = 489, 000 cubic ft 

Set Point  LI   Design CT* 
Contact 
Time 

Dose 

      mg/L*min  min  mg/L 

Average Conditions  3.92  87.1  31.0  8.4 

Peak Conditions  3.82  74.1  58.5  6.7 

Minimum Conditions  2.81  22.4  105.4  4.5 

*CT	results	include	a	1.3x	safety	factor	

Option 1  PAA Option 2 PAA

 253,000  489,000 20% UVT Design

cubic ft cubic ft UV System

Total Annual Cost $165,300,000 $142,000,000 $14,000,000

Total Capital Cost $11,500,000 $14,000,000 $26,200,000

Lifecycle Costs $177,000,000 $156,000,000 $40,000,000

 $‐

 $20

 $40

 $60

 $80

 $100

 $120

 $140

 $160

 $180

 $200

M
ill
io
n
s

EPA-HQ-2019-004783   001855



	

1‐1 

Section 1 

Introduction 

1.1 Background 
The	City	of	Memphis	is	comparing	the	feasibility	of	installing	several	different	disinfection	
systems	at	the	T.E.	Maxson	Wastewater	Treatment	Plant	(Maxson)	facility	including	a	standalone	
PAA	system,	a	UV	system,	and	a	combined	disinfection	system	utilizing	both	UV	and	PAA.	CDM	
Smith	conducted	an	in	depth	investigation	of	all	three	of	these	disinfection	technologies.	The	
results	of	the	UV	investigation	and	the	initial	PAA	pilot	testing	have	been	presented	previously,	
but	the	results	of	PAA	study	presented	here.	This	includes	a	summary	of	the	on‐site	pilot	testing	
and	the	development	of	the	disinfection	kinetics	model	for	establishing	design	criteria	for	a	PAA	
disinfection	system.	A	summary	of	the	combined	UV/PAA	testing	is	also	included,	and	the	full	
report	is	included	as	an	Appendix	A.	

Historically,	PAA	has	been	applied	to	the	food,	beverage,	medical	and	pharmaceutical	industries;	
it	has	been	used	in	Europe	at	wastewater	treatment	facilities	for	over	a	decade	for	disinfection.	
The	US	Environmental	Protection	Agency	(EPA)	has	approved	three	commercially	available	PAA	
products	for	use	as	a	disinfectant	to	treat	wastewater.	To	date,	there	are	several	full‐scale	
facilities	that	have	been	permitted	with	several	more	under	design,	and	there	are	a	number	of	
pilot	studies	that	have	been	performed	or	are	ongoing	in	the	United	States	(US).	

1.2 NPDES Permit Requirements 
The	current	NPDES	permit,	number	TN0020729,	issued	by	Tennessee	Department	of	
Environment	and	Conservation	(TDEC)	authorizes	the	Maxson	WWTP	to	discharge	treated	
effluent	from	Outfall	001	to	the	Mississippi	River	at	Mile	725.0,	pursuant	to	the	permit	limits	and	
monitoring	requirements	specified	in	the	permit.	The	facility,	as	noted	in	the	permit,	has	a	
treatment	design	capacity	of	90	million	gallons	per	day	(MGD)	with	a	hydraulic	capacity	of	160	
MGD.	The	effluent	limits	for	parameters	relevant	to	the	evaluation	of	disinfection	processes	are	
summarized	in	Table	1‐1.		

Table 1‐1: Disinfection Related Permit Requirements 

Parameter  Effluent Discharge 

BOD5 or CBOD5    

     Monthly average  42 mg/L 

     Weekly average  63 mg/L 

     Daily maximum  84 mg/L 

pH (s.u.)  6 – 9 s.u. 

Total Suspended Solids (mg/L)    

     Monthly average  48 

     Weekly average  72 

     Daily maximum  96 

Turbidity    
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Parameter  Effluent Discharge 

E. coli    

Monthly average  126 cfu/100 mL 

Daily maximum  487 cfu/100 mL 

Total Residual Chlorine (or Oxidant)  2.0 mg/L 

	

1.3 Pilot and Bench Study Objectives 
In	order	to	develop	the	disinfection	kinetics	model	for	establishing	design	criteria	for	a	PAA	
disinfection	system,	a	30‐day	side‐stream	pilot	was	conducted	on	site.	To	determine	UV	design	
criteria,	samples	were	taken	for	collimated	beam	testing	throughout	the	pilot	test	period.	The	
goal	of	this	study	was	to	verify	previous	dose	recommendations	for	effluent	discharge	to	meet	
permit	requirements.	

The	key	pilot	study	objectives	included:	

 Refine	the	design	criteria	for	PAA	disinfection	to	meet	disinfection	limits		

 Determine	the	kinetic	model	parameters	to	predict	PAA	disinfection	efficacy	across	a	
range	of	doses	and	contact	times	

 Determine	the	design	dose	for	disinfection	set	points	in	conjunction	with	life	cycle	cost	
analysis	

 Confirm	and	update	the	UV	disinfection	design	dose	to	support	estimates	of	capital	and	
operating	costs	

The	key	bench	study	objectives	included:	

 Quantify	and	compare	disinfection	kinetics	among	several	UV	and	PAA	combinations	
including:	

 PAA	alone,	UV	alone,	UV	followed	by	PAA,	PAA	followed	by	UV,	simultaneous	
disinfection	with	UV	and	PAA.	

 Propose	a	mechanistic	model	to	describe	combined	disinfection	
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Pilot & Bench Study Procedures 

2.1 PAA Pilot Study 
The	pilot	study	was	designed	to	evaluate	PAA	disinfection	efficacy	across	a	range	of	doses,	
conditions,	and	contact	times	to	support	development	a	kinetic	model	to	predict	PAA	disinfection	
efficacy	at	different	concentrations	and	contact	times.	Detailed	plans	and	procedures	are	
contained	in	the	Technical	Memorandum	entitled	Additional	Testing	for	Disinfection	–	Contract	
28231	at	the	T.E.	Maxson	Wastewater	Treatment	Plant,	which	is	located	in	Appendix	B.	For	
reference,	the	PAA	dosing	schedule	is	shown	in	Table	2‐1,	and	the	sampling	matrix	is	shown	in	
Table	2‐2.	Test	methods	for	each	parameter	are	listed	in	Table	2‐3.	

Table 2‐1: PAA Dose Schedule 

Dates 
Desired/Target 
PAA Dose (ppm) 

May 4‐8, June 2  7 

May 11‐15, June 3  8 

May 18‐ 22, June 4  9 

May 26‐28  5 

May 29, June 1  6 

June 5  10 

	

Table 2‐2: Sampling Matrix 

Parameter 
Influent Control 

Port 
Ports 1‐5 

Effluent 
Port 6 

Frequency 

Residual PAA (mg/L), field meter  ‐‐ 
‐‐  X  4x/day  4 days/week 

X     1x/day  4 days/week 

E. coli (MPN/100 mL), ETC Lab 
X  ‐‐  X  4x/day  4 days/week 

‐‐  X  ‐‐  1x/day  4 days/week 

pH (SU) , field meter 
X  ‐‐  X  4x/day  4 days/week 

‐‐  X  ‐‐  1x/day  4 days/week 

Temperature (°C), field meter  X  ‐‐  ‐‐  1x/day  4 days/week 

COD (mg/L), ETC Lab  X  ‐‐  ‐‐  1x/day  4 days/week 

Apparent and Filtered Color (PtCo), ETC 
Lab 

X  ‐‐  ‐‐  1x/day  4 days/week 

NO2‐N (mg/L), ETC Lab  X  ‐‐  ‐‐  1x/day  4 days/week 

Filtered and Unfiltered UVT (%T), ETC Lab  X  ‐‐  ‐‐  1x/day  4 days/week 

Total Suspended Solids (mg/L), ETC Lab  X  ‐‐  ‐‐  1x/day  4 days/week 
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Table 2‐3: Test Methods 

Parameter  Analysis Method 

Residual PAA (mg/L), field meter  EPA, Method 330.5 

E. coli (cfu/100 mL)  EPA, 9223B 

pH (SU), field meter  ASTM D1293 – 12 

Temperature (°C), field meter  SM 2550 

Carbonaceous Oxygen Demand (COD) (mg/L), ETC Lab  SM 5220D 

Apparent and Filtered Color (PtCo)  SM 2120B 

NO2‐N (mg/L)  EPA 300.0 

Filtered and Unfiltered UVT (%T)  SM 5910B 

Total Suspended Solids (mg/L)  SM 2540D 

	

Pilot	testing	commenced	on	Monday	May	4,	2015	and	continued	through	June	5,	2015.	Samples	
were	collected	Monday	through	Thursday	during	this	period.	The	only	exception	occurred	when	
weather	issues	prevented	sampling	during	the	fourth	experiment	on	May	20th.	Figure	2‐1	
highlights	some	key	features	of	the	pilot	reactor.	

		 		 	

Figure 2‐1: Key Features of PAA Pilot Reactor: (Left to Right) Influent Port, Flow Meter, and Sample Port 
 
Samples	for	E.	coli	were	collected	in	120	mL	jars	containing	sodium	thiosulfate	to	quench	the	
residual	PAA	and	prevent	further	bacterial	inactivation.	Samples	collected	for	COD,	TSS,	Color,	
Nitrite,	and	UVT	alkalinity,	and	ammonia	were	obtained	from	the	influent	port	four	times	per	
week	delivered	to	the	Environmental	Testing	and	Consulting	Laboratory	in	Memphis,	TN,	for	
testing.	In	addition,	field	tests	to	measure	pH	and	temperature	were	conducted	each	day.	
Temperature	was	measured	at	the	influent	port	once	per	day,	and	pH	was	measured	at	the	
influent	port	and	port	6	four	times	per	day.	

2.2 Collimated Beam 
Nine	samples	were	sent	to	Trojan	Technologies	for	collimated	beam	analysis	during	the	pilot	
period.	Samples	were	irradiated	under	controlled	UV	dosing	and	hydraulic	conditions,	according	
to	industry	defined	standards.	E.	coli	concentrations	were	measured	at	different	UV	dose	intervals	
to	determine	the	specific	dose	response	characteristic	for	E.	coli	at	Maxson	WWTP.	
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2.3 UV/PAA Bench Study 
In	order	to	investigate	the	feasibility	and	economics	of	implementing	a	combined	disinfection	
technology	strategy,	bench	testing	was	conducted	to	inform	process	selection	and	sizing.	UV/PAA	
bench	testing	was	conducted	at	Maxson	the	week	of	September	21,	2015.	Samples	of	secondary	
effluent	were	collected	twice	daily	(7:00	and	13:00)	immediately	prior	to	the	discharge	from	the	
plant	and	were	treated	at	bench‐scale,	on	site.	In	this	study,	secondary	effluent	samples	were	
collected	and	treated	with	UV	doses	between	2.5	–	40	mJ/cm2	and	PAA	CTs	of	2.5	–	50	mg·L‐1·min.	
To	evaluate	different	operational	scenarios	were	evaluated	including	the	following	five	
combinations	were	applied:	PAA	alone,	UV	alone,	PAA	followed	by	UV,	UV	followed	by	PAA,	and	
simultaneous	UV	and	PAA.	

Water	quality	parameters	measured	include	TSS,	COD,	UVT,	color,	and	BOD5.		PAA	residual	was	
measured	using	a	CHEMetrics	PAA	vacu‐vials	test	kits	and	a	PAA	single	analyte	meter.	The	IDEXX	
Colisure	method	was	used	to	determine	the	concentration	of	viable	for	E.	coli.	Sample	color	was	
measured	at	455	nm	using	a	Hach	DR5000	spectrophotometer.	

PAA	residual	concentrations	were	measured	over	time,	and	E.	coli	samples	were	collected	
following	PAA	measurement.	Samples	were	quenched	prior	to	E.	coli	enumeration	using	sodium	
bisulfite.	UV	testing	was	conducted	using	a	collimated	beam	(CB)	apparatus	following	the	IUVA	
testing	protocol;	UV	irradiation	was	measured	using	an	International	Light	Technologies	(ILT)	
ILT1700	radiometer	with	a	UV	detector.	Samples	were	irradiated	in	order	to	achieve	UV	doses	of	
2.5,	5,	10,	15,	20	and	40	mJ/cm2.	Calculations	of	the	unweighted	doses	at	each	wavelength	band	
were	based	on	existing	protocols	developed	by	Trojan.	

For	the	UV+PAA	experiment,	effluent	was	first	irradiated	to	UV	doses	of	10,	15	or	20	mJ/cm2,	then	
dosed	with	PAA	as	described	above.	For	the	PAA+UV	experiment,	effluent	was	first	dosed	with	
PAA	as	described	above.	After	set	durations,	portions	of	the	sample	were	removed,	quenched	
with	a	stoichiometric	amount	of	sodium	bisulfite,	and	then	subjected	to	UV	doses	of	10,	15	or	20	
mJ/cm2.	For	the	simultaneous	PAA+UV	experiment,	two	different	scenarios	were	investigated.	
The	first	involved	dosing	PAA	at	the	onset	of	UV	irradiation,	irradiating	for	a	set	duration,	and	
then	removing	the	sample	from	UV	exposure	and	continuing	to	stir	until	a	desired	PAA	contact	
time	was	achieved.	The	second	scenario	involved	first	dosing	PAA	and	allowing	it	to	stir	for	a	
period	prior	to	subjecting	it	to	UV	irradiation.			
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3.1 PAA Pilot Study Data Results and Analysis 
Standard	methods	for	describing	PAA	disinfection	efficacy	are	still	be	developed	because	the	
application	of	PAA	as	a	wastewater	disinfectant	is	relatively	recent.	CDM	Smith	has	historically	
applied	the	Hom’s	model	to	disinfection	datasets.	For	PAA,	it	is	thought	that	the	“CT”	(residual	
concentration	times	contact	time)	approach	that	is	traditionally	used	for	chlorine	disinfection	
may	not	be	fully	adequate	to	assess	the	effectiveness	of	PAA	disinfection	because	of	differences	in	
chemical	half‐lives.	In	Hom’s	model,	“m”	is	used	to	account	for	the	shorter	half‐life	of	PAA.		

Equation	(3‐1)		 	 	 	log 	

Where:		

k	=	the	disinfection	rate	constant	otherwise	known	as	the	specific	coefficient	of	lethality	
and	depends	on	the	target	organism	(here,	E.	coli)	and	other	factors	such	as	bacterial	
association	with	total	suspended	solids	(TSS)	
C	=	the	residual	PAA	concentration,	mg/L	
t	=	contact	time,	min	
Where	n	<	m,	t	(contact	time)	is	the	primary	factor	affecting	inactivation	and	longer	
contact	times	will	provide	additional	disinfection	benefit		
Where	n	~	m,	t	(contact	time)	and	PAA	residual	are	similar	in	their	effect	on	inactivation.	
Where	n	>	m,	chemical	residual	overrides	contact	time	with	respect	to	disinfection	
efficacy.	
When	m	<	1,	there	can	be	a	tailing‐off	behavior	at	very	long	contact	times.	
	

Data	collected	during	the	pilot	study	were	used	to	determine	the	Hom’s	parameters	and	to	model	
E.	coli	inactivation	at	different	PAA	residuals	and	contact	times.	A	total	of	95	test	conditions	
including	PAA	residual	(C),	contact	time	(t),	and	E.	coli	inactivation	(log(N/NO))	were	included	in	
the	analysis.	

The	best	fit	of	Hom’s	model	for	E.	coli	disinfection	was	determined	using	the	Excel	Solver;	results	
are	shown	in	Table	3‐1.	The	correlation	between	the	predicted	and	the	observed	bacterial	
inactivation	are	shown	in	Figure	3‐1.	Although	the	correlation	between	the	model	and	the	
measured	data	is	81%,	there	does	appear	to	be	some	over‐prediction	at	low	inactivation	and	
under	predication	at	high	inactivation.	

Table 3‐1: Hom’s Model Parameters 

Hom's Parameters 

k  n  m 

0.86  0.18  0.47 

	

EPA-HQ-2019-004783   001861



 Section 3   Data Results and Analysis  

3‐2 

	

Figure 3‐1: Correlation between Measured Log Inactivation and Hom’s Model Predicted Inactivation 
 
Because	of	the	spread	between	the	model	and	the	measured	data	that	was	observed	in	the	
application	of	Hom’s	model,	the	standard	CT	model	was	also	applied	to	determine	if	a	better	fit	
could	be	found.	This	approach	is	applied	in	several	steps.	In	step	1,	residual	concentration	and	
time	are	fitted	to	an	exponential	decay	equation:	

Equation	(3‐2)			 	 	 ∗ 	

Where:	

C	=	the	concentration	of	PAA	at	time,	t	
Co	=	the	applied	dose	of	PAA,		
D	=	the	instantaneous	demand	exerted	by	the	wastewater	
k	=	the	specific	decay	rate	of	PAA	
t	=	time	
	
Based	on	this	analysis,	it	was	determined	that	during	the	pilot	period,	the	average	demand	
exerted	by	the	wastewater	was	3.66	mg/L	and	the	specific	decay	rate	was	0.04	per	minute.	The	
CT	at	any	time	was	determined	by	calculating	the	integral	of	the	decay	equation	between	0	and	
time	t.	
	
Equation	(3‐3)		 	 ∗ ∗ 1 	

y = 1.14x ‐ 0.37
R² = 0.81
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In	the	next	step,	the	calculated	CT	from	each	experiment	is	correlated	to	the	measured	log	
inactivation.	This	is	shown	in	Figure	3‐2.	This	correlation	is	slightly	stronger	and	displays	less	
over	and	under	prediction	than	the	Hom’s	model.	However,	there	is	still	observable	spread	
between	the	model	and	the	measured	data.		

	

Figure 3‐2: Correlation between Measured Log Inactivation and Single Exponential Decay Model 
Predicted Inactivation 
 
Another	predictive	model	was	applied	to	determine	if	a	stronger	correlation	could	be	found.	This	
model	also	utilizes	the	integral	CT	method,	but	uses	a	more	complex	correlation	between	CT	and	
log	inactivation.	In	this	model,	the	bacterial	population	is	divided	into	two	parts,	an	easy	to	
inactive	portion	which	represents	free	floating	bacteria,	and	a	hard	to	inactivate	portion,	which	
represents	particle	associated	bacteria.	This	relationship	is	descried	by	the	following	equation:	

Equation	(3‐4)			 	 ∗ ∗ ∗ ∗ ∗ ∗ 	

Where:	

N	=	the	number	of	viable	bacteria,	MPN/100	mL	
No	=	the	number	of	bacteria	in	the	wastewater	prior	to	disinfection,	MPN/100	mL	
fNd	=	the	fraction	of	the	bacterial	population	that	is	“easy	to	inactive”	
kd		=	the	specific	decay	rate	of	the	“easy	to	inactive”	bacteria	
fNp	=	the	fraction	of	the	bacterial	population	that	is	“hard	to	inactive”	
kd		=	the	specific	decay	rate	of	the	“hard	to	inactive”	bacteria	

y = 1.016x + 0.015
R² = 0.8474
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The	resulting	correlation	is	shown	in	Figure	3‐3.	The	data	is	best	correlated	to	this	model,	and	
the	spread	between	the	data	and	the	model	is	reduced.	The	PAA	dosing	recommendations	were	
generated	from	this	model.	

 

Figure 3‐3: Correlation between Measured Log Inactivation and Double Exponential Decay Model 

Predicted Inactivation	

3.2 Collimated Beam Analyses 
Several	new	collimated	beam	(CB)	analyses	were	performed	to	determine	if	disinfection	
requirements	have	changed	due	to	changes	in	plant	influent	since	2013.	A	comparison	of	the	
recent	and	historical	CB	data	performed	by	Trojan	Technologies	is	shown	in	Figure	3‐4.	These	
represent	the	average	of	the	entire	dataset	from	each	year.	There	is	no	significant	difference	
between	the	two	datasets.		
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Figure 3‐4: Comparison of Recent and Historical Collimated Beam Data 
 

3.3 Combined PAA/UV Disinfection Bench Testing 
Data	indicated	that	for	combined	treatment,	the	most	consistent	result	and	positive	results	
occurred	with	UV	followed	by	PAA.	Based	on	the	analysis	of	this	dataset,	a	four	population	
mechanistic	model	to	predict	both	individual	and	combined	disinfection	was	developed,	as	
described	in	Figure	3‐5	and	Equation	5.	In	this	model,	the	bacterial	population	is	split	into	four	
fractions,	each	described	by	a	decay	coefficient.	

	
Figure 3‐5: Conceptual Description Mechanistic Model to Describe Combined Disinfection	

0

1

2

3

4

5

0 5 10 15 20 25 30 35 40 45

E.
 c
o
li 
Lo
g 
R
ed

u
ct
io
n

UV Dose (mWs/cm2)

Trojan 2015

Trojan 2013

EPA-HQ-2019-004783   001865



 Section 3   Data Results and Analysis  

3‐6 

Equation	(3‐5)			 ( , 2 2 2 2 	

Where:		

Ntotal,viable	is	the	total	concentration	of	E.	coli,	after	combined	disinfection;	MPN	/	100	mL	

A2viable	is	the	concentration	of	E.	coli	from	population	A0	after	combined	disinfection	

B2viable	is	the	concentration	of	E.	coli	from	population	B0	after	combined	disinfection	

C2viable	is	the	concentration	of	E.	coli	from	population	C0	after	combined	disinfection		

D2viable	is	the	concentration	of	E.	coli	from	population	D0	after	combined	disinfection	
otal,viable	is	the	total	concentration	of	E.	coli,	after	combined	disinfection;	MPN	/	100	mL	A2viable	is	the	concentration	of	E.	coli	from	population	A0	after	combined	disinfection	B2viable	is	the	concentration	of	E.	coli	from	population	B0	after	combined	disinfection	C2viable	is	the	concentration	of	E.	coli	from	population	C0	after	combined	disinfection		D2viable	is	the	concentration	of	E.	coli	from	population	D0	after	combined	disinfection	

The	model	works	in	two	steps.	The	first	step	models	PAA	disinfection	(if	applicable),	and	the	
second	set	models	UV	disinfection	(if	applicable).	For	example,	Equations	6a	and	6b	are	used	to	
calculate	the	remaining	bacteria	from	the	fraction	of	the	population	that	is	easy	to	kill	by	both	UV	
and	PAA.	Similar	equations	are	used	to	calculate	the	remaining	bacteria	from	the	other	
populations,	and	the	results	are	summed	to	predict	the	total	remaining	bacteria	in	the	treated	
sample.	

Equation	(6a)	 	 	 	 ∗ , ∗ 	

Equation	(6b)	 	 	 	 ∗ , ∗ 	

This	model	was	found	to	accurately	predict	both	UV	alone	and	PAA	alone	treatment,	as	shown	in	
Figure	3‐6.	It	was	also	shown	general	agreement	to	data	from	samples	subjected	to	UV	followed	
by	PAA	treatment,	as	shown	in	Figure	3‐7.	

	

Figure 3‐6: Experimental results from inactivation using UV or PAA alone (circles) and predicted values 
using the mechanistic model. 
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Figure 3‐7: Experimental results from inactivation using UV→PAA (circles) and predicted values using 
mechanistic model. 
	

Based	on	the	mechanistic	model,	Figure	3‐8	was	developed	to	illustrate	the	different	
combinations	of	UV	and	PAA	that	would	be	required	to	maintain	an	effluent	concentration	of	126	
cfu/100	mL	of	E.	coli.	Although	the	results	are	promising,	further	research	is	required	to	
accurately	describe	the	effect	of	combined	disinfection,	and	the	economic	analysis	that	was	
performed	based	on	the	results	did	not	indicate	significant	economic	savings	through	application	
of	a	combined	disinfection	system.	The	full	UV/PAA	bench	testing	report	from	Trojan	
Technologies	is	included	as	Appendix	A.	

	

Figure 3‐8: Model predicted combinations of PAA dose and UV dose required to achieve a E. coli 
disinfection target of 126 cfu / 100 mL when applying the sequential UV→PAA treatment process. 
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Section 4 

Conceptual Cost Estimates 

The	planning	level	cost	estimates	developed	from	the	2013	disinfection	alternative	testing	were	
revised	for	the	implementation	of	PAA	and	UV	disinfection	systems	based	on	the	supplemental	
pilot	results.	Costs	developed	in	this	preliminary	analysis	are	based	on	general	requirements	of	
each	system,	including	chemical	storage	requirements,	energy	costs	and	auxiliary	equipment.	
These	estimates	rely	on	the	use	of	previous	estimates	and	historical	data	from	comparable	work,	
estimating	guides,	handbooks	and	costing	curves,	and	are	intended	for	planning	purposes	and	
comparing	alternatives.	For	that	reason,	subtotaled	and	totaled	costs	have	been	rounded	to	two	
significant	figures.	Costs	are	provided	in	current	(2016)	dollars	without	escalation.	The	actual	
cost	of	any	project	will	depend	on	actual	labor	and	material	costs	for	competitive	bids,	project	
complexity,	competitive	market	condition,	actual	site	conditions,	final	scope	of	work,	
implementation	schedule,	continuity	of	personnel	and	engineering.		

It	is	important	to	note	that	in	all	cases,	conservative	assumptions	regarding	equipment	
redundancy	including	EPA	Class	I	Reliability	guidelines	were	applied	to	each	system.	With	more	
detailed	engineering	information,	the	equipment	costs	and	associated	contingencies	could	be	
reduced.	Lifecycle	costs	were	calculated	using	the	following	assumptions:	project	life	of	20	years,	
4.13	percent	interest	rate,	3.00	percent	inflation	rate,	and	2.00	percent	electric	escalation	rate	
above	the	base	inflation	rate.	The	electrical	cost	rate	was	estimated	at	$0.076	per	kWh.	
Maintenance	labor	costs	were	estimated	at	a	fully	loaded	labor	rate	of	$40.00	per	hour.	The	cost	
of	PAA	was	estimated	to	be	$0.60/lb	(delivered).	

4.1 UV  
The	cost	of	a	UV	system	designed	for	35%	UVT	was	estimated	during	the	analysis	prepared	in	
2013,	but	it	is	unlikely	that	it	would	be	adequate	based	on	current	water	quality	conditions,	even	
with	improvements	made	to	the	secondary	treatment	process.	Therefore,	a	new	cost	estimate	for	
a	larger	UV	system	designed	for	20%	UVT	was	developed	with	Trojan	Technologies.	The	UV	
system	capital	and	lifecycle	cost	breakdown	is	included	in	Appendix	C.	

4.2 PAA 
4.2.1 PAA Description as Basis of Cost 
The	PAA	disinfection	system	includes	a	new	contact	tank.	It	is	recommended	to	house	chemical	
feed	systems	in	a	protected	environment	and	it	has	been	assumed	that	a	new	chemical	feed	
building	would	be	provided.	Chemical	storage	will	be	provided	in	tanks	located	outdoors	with	
appropriate	secondary	containment;	planning	level	costs	have	assumed	that	the	storage	time	for	
PAA	is	14	days.	The	chemical	feed	building	will	be	constructed	from	durable	materials	that	can	be	
easily	maintained	and	will	be	consistent	with	the	architectural	finishes	already	onsite.	This	design	
will	meet	the	hazardous	building	type	criteria	for	the	type	and	quantity	of	materials	to	be	stored	
and	the	hazardous	building	type	will	be	designed	to	meet	the	required	local	codes.	Personal	
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safety	equipment,	emergency	showers/eye	washes	and	other	necessary	equipment	will	be	
provided.	

A	new	chemical	feed	building	will	be	constructed	which	will	contain	an	electrical	room	and	a	
mechanical	room	to	house	the	tepid	water	skid.	The	containment	areas	for	chemical	feed	
equipment	in	the	building	will	be	coated	to	protect	the	concrete	against	accidental	chemical	spills.		

A	new	control	system	will	be	put	in	place	to	monitor	and	control	the	PAA	which	includes	online	
instrumentation	for	PAA	residual	analysis.	Signals	from	the	online	analyzers	will	be	used	to	
provide	automatic	control	for	the	PAA	and	sodium	bisulfite	feed	(if	required).	All	Input/Output	
(I/O)	signals	from	the	disinfection	system	will	be	hardwired	to	a	PLC	located	at	the	chemical	feed	
building.	Additional	coordination	will	be	required	with	the	plant	staff	to	provide	that	the	
proposed	system	can	be	integrated	into	the	existing	plant	process	control	system.	It	is	
recommended	that	the	City	utilize	a	lease	agreement	with	a	PAA	supplier,	similar	to	what	is	being	
done	at	the	M.C.	Stiles	WWTP.	In	this	arrangement,	the	supplier	will	provide	the	storage	and	day	
tanks,	truck	unloading	and	transfer	pumps,	PAA	mixing	equipment,	on‐line	PAA	analyzers,	PAA	
metering	pump	skids	and	all	control	panels	for	the	entire	system.		

4.2.2 PAA System Sizing 
Required	PAA	CT	was	calculated	based	on	three	disinfection	set	points	which	were	determined	
based	on	a	combined	dataset	including	data	measured	during	the	pilot	study,	data	measured	
during	the	collimated	beam	analyses,	and	data	from	daily	plant	operations	between	2010	and	
2013.	Relevant	statistic	are	shown	in	Table	4‐1.	

Table 4‐1 Relevant Influent E. coli Statistics 

Statistic  Value 

Maximum  5700000 

Minimum  13333 

Geometric Mean  518730 

10 Percentile  152000 

20 Percentile  240000 

30 Percentile  330778 

40 Percentile  455778 

50 Percentile  560000 

60 Percentile  727000 

70 Percentile  926000 

80 Percentile  1280000 

90 Percentile  1600000 

	
For	peak	conditions,	bacterial	concentrations	will	be	reduced	from	the	90th	percentile	from	the	
dataset	to	one	half	of	the	daily	permit	limit	of	487	cfu/100	mL.	This	is	equal	to	a	log	inactivation	
of	3.82.	For	average	conditions,	the	bacterial	concentrations	will	be	reduced	from	the	geometric	
mean	from	the	dataset	to	one	half	of	the	monthly	permit	limit	of	126	cfu/100	mL.	This	is	equal	to	
a	log	inactivation	of	3.92.	For	minimum	conditions,	bacterial	concentrations	will	be	reduced	from	
the	10th	percentile	from	the	dataset	to	one	half	of	the	daily	permit	limit	of	487	cfu/100	mL.	This	is	

EPA-HQ-2019-004783   001869



 Section 4   Conceptual Cost Estimates 

4‐3 

equal	to	a	log	inactivation	of	2.80.	The	model	predicted	CT	values	for	these	set	points	are	
summarized	in	Table	4‐2.	For	conservatism,	a	safety	factor	of	1.3	is	applied	to	the	CT	values	for	
design.	This	is	shown	in	the	CT*	column.	

Table 4‐2 Disinfection Set Points. 

Set Point  LI  CT  CT* 

Average Conditions  3.92  67  87.1 

Peak Conditions  3.82  57  74.1 

Minimum Conditions  2.81  17.2  22.4 

	

A	given	CT	can	be	achieved	using	many	combinations	of	PAA	dose	and	contact	time.	Lifecycle	
costs	for	a	PAA	system	are	a	function	of	the	contact	time	at	peak	flow.	The	peak	flow	contact	time	
controls	the	PAA	dose	and	sodium	bisulfite	dose	(annual	costs)	at	all	three	design	points	and	the	
size	of	the	contact	tank	(capital	costs).		

Option	1	for	the	PAA	system	is	based	upon	a	contact	tank	size	in	which	the	contact	time	at	
average	flow	is	30	minutes	(16	minutes	at	peak	flow),	which	is	the	state	mandated	minimum.	In	
Option1,	a	greater	PAA	dose	is	required,	necessitating	a	constant	sodium	bisulfite	dose	in	order	to	
reduce	the	PAA	concentration	below	the	1.5	mg/L	project	threshold.		This	condition	was	
compared	to	the	lifecycle	cost	for	a	PAA	system	in	which	the	contact	tank	size	was	optimized	to	
produce	the	lowest	lifecycle	cost	for	a	PAA	system.	The	lowest	PAA	system	lifecycle	cost	occurred	
when	the	contact	time	in	the	contact	tank	at	peak	flow	was	31	minutes.	At	this	condition,	sodium	
bisulfite	(SBS)	is	not	required.	This	condition	is	represented	at	Option	2.		The	PAA	lifecycle	costs	
are	provided	in	Appendix	C.		

4.3 Cost Summary 
Based	upon	the	supplemental	testing	performed	in	2015,	the	conceptual	costs	for	UV	and	PAA	were	
revised.	Comparative	20	year	lifecycle	costs	for	three	alternative	disinfection	systems	are	illustrated	in	
Figure	4‐1.	The	first	alternative	is	a	PAA	system	with	a	contact	tank	providing	31	minutes	of	contact	
time	at	average	flow,	the	second	is	a	PAA	system	providing	31	minutes	of	contact	team	at	peak	flow,	
and	the	third	is	a	UV	system	designed	to	treat	effluent	with	a	20%	UVT.	The	lifecycle	cost	estimate	
performed	represents	just	the	disinfection	systems	and	not	the	rest	of	the	upgrades	for	the	project.	

Providing	more	contact	time	at	average	flow	for	the	PAA	system	eliminated	the	need	for	quenching	
with	sodium	bisulfite,	although	the	capital	costs	for	a	small	sodium	bisulfite	was	included	for	
emergency	use.	Although	the	lifecycle	costs	of	the	UV	alternative	is	lower	than	that	of	the	two	PAA	
alternatives,	the	City	of	Memphis	and	CDM	Smith	discussed	the	impacts	caused	by	the	variability	of	the	
low	UV	transmittance	seen	in	the	Maxson	WWTP	effluent.	The	variability	likely	stems	from	the	change	
in	processes	and	raw	materials	utilized	by	industrial	users	within	the	City’s	collection	system.	Based	
upon	these	discussions	it	was	decided	to	eliminate	UV	from	the	list	of	disinfection	alternatives.	Results	
of	the	detailed	cost	analysis	and	the	supplemental	pilot	data	indicate	that	the	most	cost	effective	
contact	tank	size	to	reduce	overall	lifecycle	cost	is	489,000	cubic	ft.	As	a	result,	the	most	cost	effective	
disinfection	alternative	is	PAA	‐	Option	2.		
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Figure 4‐1: Comparative 20 Year Lifecycle Costs 
	

Option 1  PAA Option 2 PAA

 253,000  489,000 20% UVT Design

cubic ft cubic ft UV System

Total Annual Cost $165,300,000 $142,000,000 $14,000,000

Total Capital Cost $11,500,000 $14,000,000 $26,200,000

Lifecycle Costs $177,000,000 $156,000,000 $40,000,000
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Section 5 

Recommendations 

Based	upon	the	analysis	of	the	supplemental	pilot	and	bench	test	results,	CDM	Smith	
recommends	that	PAA	be	selected	as	the	disinfectant	to	be	utilized	at	the	Maxson	WWTP.	This	
recommendation	is	predicated	upon	the	elimination	of	UV	disinfection	because	of	the	influent	
water	quality	uncertainty.	An	economic	analysis	of	combined	UV/PAA	treatment,	based	on	the	
additional	bench	testing,	determined	that	it	is	not	cost	effective	at	this	time.	Based	on	the	lifecycle	
analysis	of	the	two	PAA	options	evaluated,	it	was	determined	that	a	489,000	cubic	foot	tank	
providing	31	minutes	of	contact	time	at	peak	flow	was	the	most	cost	effective	design	(Option	2)	
and	CDM	Smith	recommends	that	the	City	of	Memphis	proceed	with	this	design.	The	associated	
PAA	doses	for	each	disinfection	set	point	are	shown	in	Table	5‐1.	The	design	elements	for	this	
system	are	described	in	the	conceptual	design	report	(CDR).	

Table 5‐1 Required PAA Doses to Achieve Disinfection Set Points 

   Design CT  Flow  Contact Time  Dose 

   mg/L*min  MGD  min  mg/L 

Peak Conditions  74.10  170  31  8.36 

Average Conditions  87.10  90  59  6.73 

Minimum Conditions  22.36  50  105  4.50 
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Appendix A 

Evaluating UV and PAA disinfection strategies for 

T.E. Maxson Wastewater Treatment Plant 
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1 DISCLAIMER 
This report provides a description of experimental work performed by Trojan Technologies on the 

disinfection of E. coli in secondary settled wastewater obtained from the T.E. Maxson Wastewater 

Treatment Plant (WWTP) in the City of Memphis (City), Tennessee. It also provides an analysis of data 

collected from bench-testing of UV and PAA, individually and in combination. While disinfection 

system sizing and economic evaluations are performed and presented in this report, they do not 

constitute Trojan’s final recommendation on disinfection system sizing and costs.  

2 CONFIDENTIALITY 
The data, methodologies, data analyses concepts, and discussions are property of Trojan Technologies 

and should be treated with confidentiality as stipulated by existing Non-Disclosure Agreements between 

Trojan Technologies and CDM Smith. 

3 INTRODUCTION 
The Maxson WWTP is located in the southwestern portion of Memphis, Tennessee at 2685 Steam Plant 

Road. The facility, over the last five years, has treated an average of 72 million gallons per day (MGD) 

but is currently treating an average of just less than 70 MGD, due to the closing of the Cargill wet corn 

milling facility. The Maxson WWTP has served the City since its commissioning in 1975. The current 

liquid treatment process consists of coarse bar screens, grit removal, recently installed fine bar screens, 

primary clarification, high-rate biotowers, activated sludge and secondary clarification. Biosolids 

treatment consists of anaerobic digestion and dewatering with the final disposition of solids being land 

application and a surface disposal site as shown in Figure 1. 

 

Figure 1: Process flow diagram for the Maxson WWTP.  
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The facility is currently evaluating the plant processes to determine what changes will be required to 

meet discharge permit requirements at the design flow of 90 MGD. Proposed changes include expanding 

the activated sludge process and removing the high-rate biotowers from the flow treatment stream. In 

addition, the City is planning to provide a new disinfection process. The two methods of disinfection 

being evaluated are ultraviolet irradiation (UV) and chemical oxidation using peracetic acid (PAA).  

UV disinfection is employed throughout the drinking and wastewater treatment industry due to its 

efficacy for inactivating human pathogens, as well as providing a relatively low lifecycle cost in a small 

footprint. Inactivation of a pathogen or indicator microorganism occurs when photons of UV light are 

absorbed and cause damage to an organism’s deoxyribonucleic acid (DNA) or ribonucleic acid (RNA), 

preventing reproduction. 

Peroxyacids are a class of chemical disinfectants gaining attention due to the high efficacy at 

inactivating organisms, low undesirable byproduct formation, and rapid decay in the environment. 

Peracetic acid is a strong oxidant with a biocidal mode of action via cell membrane damage. Hydroxyl 

radicals (·OH) and reactive oxygen species released during decomposition reactions are believed to be 

secondary modes of action (Lubello et al., 2002). Peroxyacids, such as PAA, may also play a role in the 

disruption of the chemisomotic function of the lipoprotein cyctoplasmic membrane (Santoro et al., 2007, 

Baldry et al., 1989, Leaper, 1984). 

Researchers have reported on the potential benefits of combining of UV and PAA to enhance the 

disinfection of municipal wastewater (Rajala-Mustonen et al. 1997, Caretti & Lubello 2003, Lubello et 

al. 2004, Heinonen-Tanksi 2005, Koivunen & Martin & Gehr 2007, Budde & Vineyard 2010, Gonzalez 

et al. 2012, Block & Tran 2015). However, the exact mechanism for this enhancement is not clear, and 

there is no general consensus on the mechanisms of disinfection that govern the application of a 

combined UV and PAA process. It is generally reported that the addition of PAA prior to UV irradiation 

increases inactivation through an advanced oxidation process (AOP), resulting from the photolysis of the 

O–O bond in the PAA molecule, generating a hydroxyl radical (·OH) (Caretti and Lubello 2003, 

Lubello et al. 2002). While investigating the combination of UV and PAA, Lubello et al. (2002) found a 

PAA concentration between 2 and 8 mg/L or a UV fluence of 120 to 300 mJ/cm
2
 were unable to reach 

the target disinfection levels; however, when a PAA concentration of 2 mg/L was applied immediately 

before a UV fluence of 192 mJ/cm
2
, over 4-log inactivation of total coliform was achieved. However, 

Gonzalez et al. (2012) reported that when peracetic acid and ultraviolet irradiation were combined, at a 

low UV fluence (13 mJ/cm
2
), there was no synergistic benefit observed, when PAA was added either 

before or after UV irradiation.  

There are other possible synergies between PAA and UV that have not yet been investigated. The 

addition of PAA to wastewater may increase the UVT% (percent UV transmittance) through oxidation 

of organic compounds. This would decrease the required UV fluence to reach a target log inactivation of 

bacteria. PAA may also reduce the concentration of solids which may shield bacteria from UV 

irradiation. The obvious non-synergistic effect of PAA addition prior to UV is that the bacterial load 

entering the UV system is reduced. However, none of these effects have been quantified. There is still 

considerable ambiguity in the current understanding of the mechanisms of UV and PAA treatments.  
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In this study, the sequential and simultaneous use of UV and PAA disinfectants was investigated. The 

effluent at the Maxson WWTP is anticipated to be a good candidate for this combination treatment 

because of its low UVT, high initial Escherichia coli (E. coli) concentrations (10
5
 – 10

6
 most probable 

number (MPN)/100 mL), and high and variable PAA demand and decay. The use of these two processes 

together may lead to substantial savings by leveraging two disinfection mechanisms (DNA-based for 

UV and cell membrane-based for PAA) that may also have synergistic effects. 

4 MATERIALS AND METHODS 
To investigate the feasibility and economics of implementing a combined disinfection technology 

strategy, bench testing was conducted to inform process selection and sizing. Samples of secondary 

effluent were collected twice daily (7:00 and 13:00) immediately prior to the discharge from the plant 

and were treated at bench-scale, on site. Different operational scenarios were evaluated including the 

following five combinations: PAA alone, UV alone, PAA followed by UV, UV followed by PAA, and 

simultaneous UV and PAA. 

4.1 Analytical Methods 
Table 1 provides a summary of the parameters measures and analytical methods employed for the 

bench-scale treatability study. 

Table 1: Summary of analytical methods used.  

Parameter Analytical Method Instrument 

TSS Standard Method 2504 n/a 

COD Standard Method 5220 n/a 

UVT  Standard Method 5910 Hach DR500 at 254 nm 

Color Standard Method 2120 Hach DR500 at 455 nm 

BOD5 Standard Method 5210 n/a 

PAA concentration DPD method 
CHEMetrics vacu-vials and 

Single-Analyte-Photometer 

E. coli concentration Standard Method 9223 IDEXX Colisure
* 

*
Although the discharge permit specifies bacterial concentration in colony forming unit (cfu), the EPA approved IDEXX 

Colisure method, which measures bacterial concentration in most probable number (MPN) was used in the study. 
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4.2 Bench Test Protocols  
In this study, secondary effluent samples were collected and treated with PAA to achieve residual 

concentration*contact time (CTs) of 2.5 – 50 mg·min/L. PAA tests were conducted in clean glass 

beakers (500 or 2000 mL), and mixed continuously using a magnetic stirrer (600 rpm). Measurements of 

PAA residuals were collected over time, and E. coli samples were collected following PAA quenching 

using sodium bisulfite. The four samples collected between September 22 – 24 were each treated with 

PAA (CO = 5.0 mg/L) in order to estimate the demand/decay for each sample. These results were then 

used to estimate the contact times needed to achieve CT doses ranging from 2.5 – 50 mg·min/L for each 

sample. The demand/decay kinetic parameters were recalculated using the experimental results from 

each inactivation experiment. 

UV testing was conducted using a collimated beam (CB) apparatus, illustrated in Figure 2. UV 

irradiation was measured using an International Light Technologies (ILT) ILT1700 radiometer with a 

UV detector calibrated at 253.7 nm (monochromatic output of low-pressure mercury amalgam lamp). 

Samples were irradiated in order to achieve UV fluences of 2.5, 5, 10, 15, 20 and 40 mJ/cm
2
. 

Calculations of the fluence were based on standardized method for fluence determination presented by 

Bolton & Linden (2003). 

 

Figure 2: Collimated beam apparatus employed for bench-scale UV testing. 

 

For the UV+PAA experiment, effluent was first irradiated to UV fluences of 10, 15 or 20 mJ/cm
2
, then 

dosed with PAA as described above. For the PAA+UV experiment, effluent was first dosed with PAA 

as described above. After set durations, portions of the sample were removed, PAA quenched with 

sodium bisulfite, and then subjected to UV fluences of 10, 15 or 20 mJ/cm
2
. For the simultaneous 
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PAA+UV experiment, two different scenarios were investigated. The first involved dosing PAA at the 

onset of UV irradiation, irradiating for a set duration, and then removing the sample from UV exposure 

and continuing to stir until a desired PAA contact time was achieved. The second scenario involved first 

dosing PAA and allowing it to stir for a period prior to subjecting it to UV irradiation.  

The full test plan and experimental matrix is included in Appendix A.  

4.3 Data Analyses 

4.3.1 PAA Decomposition Kinetics 

PAA residuals were fitted to a demand/decay curve using Equation 1. The PAA CT (mg·min/L) was 

determined by integrating the area under the demand/decay curve and is calculated using Equation 2. An 

example is shown in Figure 3.  

𝐶 = (𝐶0 − 𝐷)𝑒−𝑘𝑡      [Equation 1] 

Where, 

C is the concentration of PAA (mg/L) at time t (min) 

C0 is initial concentration of PAA (mg/L) 

D is the instantaneous demand of PAA (mg/L) 

k is the decay rate constant of PAA (1/min) 

t is the contact time (min) 

𝐶𝑇 =
𝐶0−𝐷

𝑘
(1 − 𝑒−𝑘𝑡)     [Equation 2] 

Where,  

CT is the integral PAA dose (concentration * contact time); mg·min/L (Santoro et al., 2015) 
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Figure 3: PAA demand/decay curve (black) generated from experimental data using Equation 1. The 

PAA CT (mg·min/L) is represented as the area under the curve (blue hatchmarks), and is calculated 

using Equation 2.  

4.3.2 PAA and UV Disinfection Kinetics 

The models that are used for disinfection for PAA and UV disinfection when used individually are well 

known such as the Chick-Watson model and the Hom’s model. PAA disinfection can be evaluated as a 

function of residual and contact time. The disinfection kinetics of microorganisms is conventionally 

modelled by relating the extent of inactivation of the microorganisms to the products of the disinfectant 

dose and the contact time. For the PAA process the product of dose and contact time is the defined as 

the CT (mg·min/L) while for UV the product of dose and contact time is the UV fluence (mW*sec/cm
2
). 

That said, there is no published model for evaluating a combined PAA and UV disinfection process and 

the development of such a model is provided herein.   

To develop an disinfection kinetic model, the concentration of viable for E. coli can be plotted against 

either PAA – CT dose  or UV fluence and the data fitted using the double exponential inactivation 

model, described in Equation 3.  

 𝑁 = 𝑁𝑑𝑒−𝑘𝑑𝐷𝑂𝑆𝐸𝑚
+ 𝑁𝑝𝑒−𝑘𝑝𝐷𝑂𝑆𝐸       [Equation 3] 

Where, 

N is the total concentration of viable E. coli; MPN / 100 mL 

Nd is the concentration of particle-associated E. coli; MPN / 100 mL 

Np is the concentration of dispersed E. coli; MPN / 100 mL 

kd is the first order inactivation rate constant for particle-associated E. coli; for PAA  = L/ 

mg·min, for UV = cm
2
/mJ 
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kp is the first order inactivation rate constant for dispersed E. coli; for PAA  = L/ mg·min, for UV 

= cm
2
/mJ 

m is an inactivation kinetic model parameter describing shoulder effects (m = 1 for with UV 

doses)  

DOSE is the dose; for PAA = mg·min/L, for UV = mJ/cm
2 

5 RESULTS AND DISCUSSION 
The results and discussion are presented in below in five sections: (1) water quality testing (Section 5.1), 

(2) PAA disinfection testing (Section 5.2), (3) UV disinfection testing (Section 5.3), (4) combined UV 

and PAA disinfection testing, and (5) modelling the disinfection kinetics of the sequential UV→PAA 

process. Each section presented results from the experiments conducted as well as sizing calculations for 

the UV and PAA disinfection processes to meet the plant’s disinfection targets. 

5.1 General Water Quality 
Each of the four samples collected over the 2 day period was analyzed for UVT, color, TSS, COD and 

BOD. The results of these tests are summarized in Table 2. The water quality was fairly consistent 

among the samples and was not affected by the flow rate in the plant.  

 

 

Table 2: Maxson secondary effluent water quality.  

Sample ID 
Plant Flow 

(mgd) 
UVT (%) 

Color 

(PtCo) 
TSS (mg/L) COD (mg/L) BOD (mg/L) 

Sept. 22 – AM 60.6 19.5 175 16 115 20 

Sept. 22 – PM 56.7 20.8 160 14 111 16 

Sept. 24 – AM 62.5 20.2 188 16 114 20 

Sept. 24 – PM 109.5 20.1 169 17 109 16 

5.2 PAA Disinfection Tests 
There are several different commercial formulations of PAA available, with differing concentrations of 

PAA and hydrogen peroxide. For this study, a 22 wt% solution of PAA was used for testing. To provide 

that this formulation of PAA would be suitable for use, it was compared with a 15 wt% PAA formula, 

which has been previously investigated at the Maxson WWTP. The demand/decay kinetics, as well as 

microbial inactivation were investigated, and the results are summarized in Table 3 and Figure 4.  
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Table 3: PAA demand/decay (D, k) for 15 wt% and 22 wt% PAA solutions. 

Sample ID Demand (D, mg/L) Decay (k, 1/min) 

PAA 15 wt% 2.81 0.125 

PAA 22 wt% 2.55 0.096 
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Figure 4: PAA demand/decay for 22% and 15% PAA solutions added to Maxson SE at CO = 5 mg/L 

(Top) Data modeled (black lines) from experimental results using Equation 1. Microbial inactivation of 

Maxson SE treated with 22% and 15% PAA solutions at a CO = 5 mg/L (Bottom). 
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There was minimal difference in the demand/decay kinetics when using either 22% or 15% PAA 

solutions. There was a slightly higher initial demand and decay using the 15% PAA solution, however 

the difference was minimal. Both the 22% and 15% PAA solutions displayed the same microbial 

inactivation kinetics, as microbial inactivation plotted against CT dose show the two inactivation curves 

essentially overlap.  

Four samples collected between September 22 – 24 were each treated with PAA in order to achieve CT 

doses ranged from 2.5 – 50 mg·min/L. The PAA demand/decay results are summarized in Table 4 and 

Figure 5. Samples collected in the morning had higher PAA demand (ca. 3.5 mg/L) than samples 

collected in the afternoon (ca. 2.75 mg/L). This is line with the slightly higher BOD5 measured in those 

samples. All samples had similar decay rates (ca. 0.060 1/min).. 

 

Table 4: PAA demand/decay parameters (D, k) for PAA only disinfection.  

Sample ID Demand (D, mg/L) Decay (k, 1/min) 

Sept. 22 – AM 3.58 0.063 

Sept. 22 – PM 2.60 0.057 

Sept. 24 – AM 3.50 0.056 

Sept. 24 – PM 2.91 0.058 
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Figure5: PAA demand/decay model plots for Samples collected Sept 22 and Sept 24 (model curves 

generated from experimental results using Equation 1).  

 

The E. coli inactivation kinetics by PAA was calculated for each sample by plotting the viable 

concentration of E. coli on a log scale (y-axis) against the PAA – CT dose (x-axis), and is shown in 

Figure 6. Two different models were generated from the data. The first inactivation curve (Figure 6 - 

top) was generated from the all data collected during September 2015. This model was used to predict 

the CT dose required to meet the plant’s disinfection target of 63 MPN / 100 mL (half the 30-day 

geomean disinfection permit of 126 MPN / 100 mL); CT = 49.2 mg·min/L. The second curve (Figure 6 

– bottom) was generated using only samples in which the least amount of inactivation was observed per 

CT dose. In other words, by selecting data corresponding to the maximum MPN at each CT dose 

applied, a plot of the most challenging inactivation conditions could be generated. This data was then 

used to estimate the plant’s disinfection target of 244 MPN / 100 mL (half the daily maximum 

disinfection permit of 487 MPN / 100 mL); CT = 36.0 mg·min/L. Based on these results, it is 

recommended that a PAA CT dose of ≥ 49.2 mg·min/L be applied in order to meet the plant’s 

disinfection targets. 
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Figure 6: The inactivation of E. coli using PAA for Maxson SE samples collected Sept. 22 and Sept. 24 

(Top). Inactivation curve for poorest inactivation levels measured on Sept. 22 and Sept. 24 (Bottom).  
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5.3 UV Disinfection Tests 
Collimated beam tests were performed to determine the inactivation of E. coli by UV irradiation and to 

determine the UV fluence for sizing a UV system. Over the last 3 years, Trojan has performed 22 

collimated beam tests on multiple samples obtained from the Maxson facility. Water quality ranges from 

7 - 34% UVT and 14 - 113 mg/L TSS. To provide a robust and representative sizing of the UV 

disinfection system, all data from the 22 collimated beams tests have been considered in this analysis. 

Figure 7 illustrates data from all the UV collimated beam tests (left) and data representing the poorest 

inactivation rates (right). Using data in Figure 7 - top, a minimum UV fluence of 20.1 mJ/cm
2
 was 

required to achieve a target of 63 MPN / 100 mL (half the 30-day geomean disinfection permit of 126 

MPN / 100 mL). The second curve (Figure 7 – bottom) was generated using only samples in which the 

least amount of inactivation was observed per UV fluence delivered. In other words, the data was 

segregated by selecting the maximum MPN at each UV fluence applied thereby providing a plot of the 

most challenging inactivation conditions. This data was then used to calculate that a minimum UV 

fluence of 19.2 mJ/cm
2
 was required to achieve a target of 244 MPN / 100 mL (half the daily maximum 

disinfection permit of 487 MPN / 100 mL). 
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Figure 7: Inactivation of E. coli using UV for Maxson SE samples collected 2013 and 2015. 

Inactivation curves for all data points (top) and poorest inactivation levels (bottom). 
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5.4 Combined UV and PAA Disinfection Tests  
Three distinct scenarios were performed with respect to testing the combined UV and PAA disinfection 

processes: UV prior to PAA (UV→PAA), PAA prior to UV (PAA→UV), simultaneous UV and PAA 

(UV+PAA). For the UV→PAA tests, UV fluences of 10, 15, and 20 mJ/cm
2
 were applied prior to PAA 

addition, and PAA CTs ranged from 5-25 mg·min/L. Figures 8 – 10 illustrates the results for viable E. 

coli as a function of PAA CT exposure with different levels of UV fluence applied, prior to PAA 

treatment.  

 

Figure 8: Inactivation of E. coli for UV→PAA treatment scenario where PAA treatment is preceded by 

a UV fluence of 10 mJ/cm
2
. Dotted lines are illustrative to show general trend. 
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Figure 9: Inactivation of E. coli for UV→PAA treatment scenario where PAA treatment is preceded by 

a UV fluence of 15 mJ/cm
2
. Dotted lines are illustrative to show general trend. 

 

Figure 10: Inactivation of E. coli for UV→PAA treatment scenario where PAA treatment is preceded 

by a UV fluence of 20 mJ/cm
2
. Dotted lines are illustrative to show general trend. 
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The results of this investigation show clear, consistent, and logical trends: 

(i) for the initial UV treatment, increasing UV fluences treatment resulted in reduced 

concentration of viable E. coli, and  

(ii) for the secondary PAA treatment, increasing PAA CTs resulted in either reduced or 

constant concentration of viable E. coli.  

These “trends” are illustrated by the dotted lines in Figures 8 – 10; additionally, this sequence of 

treatments resulted in both the maximum and geometric mean disinfection targets being met for at least 

one combination of fluence and CT. 

 

For the PAA→UV tests, PAA CTs that ranged from 10-23 mg·min/L were applied prior to UV fluence 

rates of 10, 15, and 20 mJ/cm
2
. Figures 11 – 13 illustrates the counts of viable E. coli as a function of 

UV fluence with different levels of PAA CT applied prior to UV treatment. The data generally lacks a 

consistent, logical trend as in some cases there is an increase in viable counts with an increase in 

treatment level. These “trends” are illustrated by the schematic dotted lines in Figure 11 – 13. Further, 

this sequence of treatments didn’t always result in the geometric mean or maximum disinfection targets 

being met. 

 

Figure 11: Inactivation of E. coli for PAA→UV treatment scenario where UV treatment is preceded by 

a PAA CT of 10.9 mg·min/L. Dotted lines are illustrative to show general trend. 
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Figure 12: Inactivation of E. coli for PAA→UV treatment scenario where UV treatment is preceded by 

a PAA CT of 16.7 mg·min/L. Dotted lines are illustrative to show general trend. 

 

Figure 13: Inactivation of E. coli for PAA→UV treatment scenario where UV treatment is preceded by 

a PAA CT of 23.3 mg·min/L. Dotted lines are illustrative to show general trend. 
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For the simultaneous UV+PAA tests, UV fluence rates of 10, 15, and 20 mJ/cm
2
 were used in 

conjunction with PAA CTs of 15-30 mg·min/L. Figure 14 – 16 illustrates the results of viable E. coli for 

the simultaneous UV and PAA tests. Data is presented by UV fluence and the respective PAA CT dose 

applied. In general, the data lacked clear trends; increasing levels of treatments (i.e., higher PAA CTs 

and UV fluences) did not result in continuously increasing levels of disinfection. Moreover, for reasons 

not yet evident, the simultaneous treatment scheme could not achieve the geomean or maximum 

disinfection targets. 

 

Figure 14: Inactivation of E. coli for UV+PAA treatment scenario where data is plotted for fixed UV 

fluences of 10 mJ/cm
2
 and variable PAA CT doses. 
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Figure 15: Inactivation of E. coli for UV+PAA treatment scenario where data is plotted for fixed UV 

fluences of 15 mJ/cm
2
 and variable PAA CT doses. 

 

Figure 16: Inactivation of E. coli for UV+PAA treatment scenario where data is plotted for fixed UV 

fluences of 20 mJ/cm
2
 and variable PAA CT doses. 
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5.5 Modeling the sequential UV→PAA 
Because the treatment sequence of UV followed by PAA resulted in the most consistent attainment of 

disinfection targets, this scheme was selected for further analyses including mechanistic modelling and 

sizing. For the mechanistic modelling, an approach similar to Equation 3 was applied. Equation 3 

presents a mechanistic approach where populations of microbes are separated based on their 

susceptibility to a single disinfectant (UV or PAA) and each population having its own inactivation rate 

kinetics. For the cases where two disinfectants are applied (UV and PAA) we propose separating the 

microbes into four populations: (A0) easy to inactivate by UV and PAA, (B0) easy to inactivate by UV, 

hard to inactivate by PAA, (C0) hard to inactivate by UV, easy to inactivate by PAA, and (D0) hard to 

inactivate by UV, hard to inactivate by PAA. Figure 17 provides a conceptual illustration of this 

mechanistic approach. 

 

Figure 17: Four population mechanistic approach to model binary disinfection system consisting of UV 

and PAA disinfectants. 

Inactivation mechanisms for this system are represented in Figure 18 and Equation 4 is used to quantify 

the concentration of viable organisms after disinfection. 
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𝑁𝑡𝑜𝑡𝑎𝑙,𝑣𝑖𝑎𝑏𝑙𝑒 (𝑈𝑉𝑑𝑜𝑠𝑒,𝑃𝐴𝐴𝑑𝑜𝑠𝑒 ) = 𝐴2𝑣𝑖𝑎𝑏𝑙𝑒 + 𝐵2𝑣𝑖𝑎𝑏𝑙𝑒 + 𝐶2𝑣𝑖𝑎𝑏𝑙𝑒 + 𝐷2𝑣𝑖𝑎𝑏𝑙𝑒 [Equation 4] 

where, 

Ntotal,viable (UVdose,PAAdose) is the total concentration of viable E. coli remaining after UV and PAA 

treatment; MPN / 100 mL 

A2viable is the concentration of viable organisms from population A0 remaining after UV and 

PAA treatment 

B2viable is the concentration of viable organisms from population B0 remaining after UV and PAA 

treatment mL 

C2viable is the concentration of viable organisms from population C0 remaining after UV and 

PAA treatment mL 

D2viable is the concentration of viable organisms from population D0 remaining after UV and 

PAA treatment mL 

 

 

Figure 18: Inactivation mechanisms presenting the inactivation routes and respective first order 

inactivation rate constants for the proposed four population system with binary disinfectants.   

 

The four population, binary disinfectant model was fitted to the UV only, PAA only, and UV→PAA 

experimental data to estimate model parameters: A0, B0, C0, D0, Kd,UV, Kd,PAA, Kp,UV, and Kp,PAA. The 

EPA-HQ-2019-004783   001897



 

 

       
25 

 

resulting model is shown with observed results for UV only and PAA only (Figure 19) and for 

UV→PAA (Figure 20). Figure 21 provides a comparison between actual results and model predicted 

concentrations of viable E. coli. The four population, binary disinfectant model was able to reasonably 

predict the effect of UV only, PAA only, and UV→PAA disinfection of E. coli.  

 

Figure 19: Experimental results from inactivation using UV or PAA alone (circles) and predicted values 

using the four population, binary disinfectant model.   
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Figure 20: Experimental results from inactivation using UV→PAA (circles) and predicted values using 

the four population, binary disinfectant model.   

 

Figure 21: Observed versus model predicted combinations for the UV only, PAA only tests and 

sequential UV PAA tests. Diagonal line illustrates a perfect fit line. 
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5.6 Summary of Results 
The key results that were determined during this study are summarized here: 

 There was no observed difference in the inactivation kinetics of 22% and 15% PAA solutions. 

 There was no observed difference in the decomposition kinetics of 22% and 15% PAA solutions. 

 A PAA CT dose of 49.2 mg·min/L was required to meet the plant’s E. coli disinfection target of 

63 MPN / 100 mL. 

 A UV fluence of 20.1mJ/cm
2
 min was required to meet the plant’s E. coli disinfection target of 

63 cfu / 100 mL. 

 Of the UV and PAA combined treatment schemes, the UV followed by PAA scheme performed 

the best in that it consistently met disinfection targets. 

 A mechanistic model was developed to predict E. coli inactivation by the UV only, PAA only, 

and UV followed by PAA treatment schemes. 

 The mechanistic model was used to determine the combination of UV fluence and PAA CT 

doses required to meet the plant’s E. coli disinfection target of 63 MPN / 100 mL. 

 The developed correlation can be used to size a combined UV and PAA system as well as 

perform economic analyses to maximized savings in capital, operating, or net present costs. 

 

6 CONCLUSIONS AND RECOMMENDATIONS 
In conclusion, the four population, binary model that was developed with estimated parameters, could be 

used to size the combination of UV fluences and PAA CT doses that would be required to achieve a 30-

day geomean disinfection target of 63 MPN/100 mL at full scale. Figure 22 provides a graphical 

illustration of the combination of disinfectant doses predicted to be required where UV precedes PAA. 

This plot shows that as the delivered UV fluence is decreased, PAA can be brought online to supplement 

UV and meet the disinfection target.  

It is recommended that this correlation be used to provide disinfection system sizing for a UV + PAA 

combination system.  Although it is currently outside of the scope of work of this effort, it is 

recommended that the conceptual evaluation of disinfection economics, including operating and capital 

costs, for the various UV and PAA combinations be developed to support the disinfection system 

selection process.  
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Figure 22: Model predicted combinations of PAA dose and UV fluence required to achieve an E. coli 

disinfection target of 63 cfu / 100 mL when applying the sequential UV→PAA treatment process. 
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APPENDIX A – TEST PROTOCOL 
 

City of Memphis, TN – Maxson WRRF Site Test Protocol - 
UV and PAA Disinfection 

1) SUMMARY 
Two (2) secondary effluent samples will be collected daily from the Maxson WRRF and treated by UV 
and PAA disinfection. Testing will be conducted over a period of three (3) days during the week of Sept 
21st. The experiment test matrix described below will be conducted on each of the 6 water samples. 

2) OBJECTIVE 
Evaluate various process design scenarios and operating parameters for a combined UV and PAA 
disinfection system by running batch disinfection studies under different UV and PAA treatment 
conditions.  

3) EXPERIMENT TEST MATRIX 
These experiments will include variable PAA and UV dosages, alone and in combination. The detailed 
experimental plan is outlined as:  

a. PAA demand decay test (PAA residuals will be measured at each contact time). 
b. E. coli disinfection over a PAA dosage range: 0, 5, 10, 15, 20, and 40 mg/L min. 
c. E. coli disinfection over a UV dosage range: 0, 2.5, 5, 10, 20 and 40 mJ/cm2. 
d. E. coli disinfection at UV→PAA dosages: Sample pre-treated by UV at 10, 15 and 20 

mJ/cm2 dosages followed by  PAA dosages of   0, 5, 10, 15, 20  mg/L min. 
e. E. coli disinfection at PAA→UV dosages: Sample pre-treated by PAA at CT dose of 5, 10, 

15 and 20 mg/L min, followed by irradiation using UV fluences of  0, 10, 15, and 20 
mJ/cm2. 

f. E. coli disinfection at UV+PAA dosages: Simultaneous addition of PAA and UV at CT 
doses in the range of 5-10, 10-15, and 15-20 mg/L min and UV doses of 10, 15, and 20 
mJ/cm2. 

The complete test matrix is shown in Table 1. Two (2) secondary effluent samples will be collected each 
day for three (3) days. Samples will be collected in attempt to capture average flow and peak flow 
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conditions. For example, the first sample would be collected at 7:00 AM and the second around 1:00 
PM. Ten (10) liters of secondary effluent will be collected at each time. Two (2) liters of this sample 
will be sent to Trojan as a backup. Select experiments will be completed in duplicate. 
 
All the samples will be tested using the same test matrix illustrated in Table 1. UV tests will be 
conducted using the 50 mL volumes in 60 mL petri dishes. PAA tests will be conducted using 
appropriate size beakers (500 – 2000 mL)  
 

Table 1 – Test matrix for UV/PAA experiments 

Test ID # Treatment process 
UV fluence 

(mJ/cm
2
) 

PAA CT (mg/L 

min) 
Test Parameters 

1 Control 0 0 E.coli 

2 PAA alone 0 2.5 PAA residual, E.coli 

3 PAA alone 0 5 PAA residual, E.coli 

4 PAA alone 0 10 PAA residual, E.coli 

5 PAA alone 0 15 PAA residual, E.coli 

6 PAA Alone 0 20 PAA Residual, E. coli 

7 PAA Alone 0 40 PAA Residual, E. coli 

8 UV alone 2.5 0 E.coli 

9 UV alone 5 0 E.coli 

10 UV alone 10 0 E.coli 

11 UV alone 15 0 E.coli 

12 UV Alone 20 0 E. coli 

13 UV Alone 40 0 E. coli 

14 UV+PAA 10 5 PAA residual, E.coli 
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15 UV+PAA 10 10 PAA residual, E.coli 

16 UV+PAA 10 15 PAA residual E.coli 

17 UV+PAA 10 20 PAA residual, E.coli 

18 UV+PAA 15 5 PAA residual, E.coli 

19 UV+PAA 15 10 PAA residual, E.coli 

20 UV+PAA 15 15 PAA residual E.coli 

21 UV+PAA 15 20 PAA residual, E.coli 

22 UV+PAA 20 5 PAA residual, E.coli 

23 UV+PAA 20 10 PAA residual, E.coli 

24 UV+PAA 20 15 PAA residual, E.coli 

25 UV+PAA 20 20 PAA residual, E.coli 

26 PAA+UV 10 5 PAA residual, E.coli 

27 PAA+UV 15 5 PAA residual, E.coli 

28 PAA+UV 20 5 PAA residual, E.coli 

29 PAA+UV 10 10 PAA residual, E.coli 

30 PAA+UV 15 10 PAA residual, E.coli 

31 PAA+UV 20 10 PAA residual, E.coli 

32 PAA+UV 10 15 PAA residual, E.coli 

33 PAA+UV 15 15 PAA residual, E.coli 

34 PAA+UV 20 15 PAA residual, E.coli 

35 PAA+UV 10 20 PAA residual, E.coli 
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36 PAA+UV 15 20 PAA residual, E.coli 

37 PAA+UV 20 20 PAA residual, E.coli 

38 Simult. PAA+UV 10 5 – 10 PAA residual, E.coli 

39 Simult. PAA+UV 10 5 – 10 PAA residual, E.coli 

40 Simult. PAA+UV 10 10 – 15 PAA residual, E.coli 

41 Simult. PAA+UV 10 15 – 20 PAA residual, E.coli 

42 Simult. PAA+UV 15 10 – 15 PAA residual, E.coli 

43 Simult. PAA+UV 15 10 – 15 PAA residual, E.coli 

44 Simult. PAA+UV 15 15 – 20 PAA residual, E.coli 

45 Simult. PAA+UV 20 15 – 20 PAA residual, E.coli 

46 Simult. PAA+UV 20 15 – 20 PAA residual, E.coli 

47 Simult. PAA+UV 10 5 – 10 PAA residual, E.coli 

48 Simult. PAA+UV 10 10 – 15 PAA residual, E.coli 

49 Simult. PAA+UV 10 15 – 20 PAA residual, E.coli 

50 Simult. PAA+UV 15 10 – 15 PAA residual, E.coli 

51 Simult. PAA+UV 15 15 – 20 PAA residual, E.coli 

52 Simult. PAA+UV 20 15 – 20 PAA residual, E.coli 
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The total number of tests per sample is shown in Table 2. 

Table 2 – Total numbers of samples and volume 

Test Microbe PAA Volume (mL) 

Demand &Decay 0 5 500 

Controls / Calibration 12 6 600 

PAA alone / PAA+UV 50 6 1500 

UV alone / UV+PAA 46 12 1200 

Simult. PAA+UV 36 15 750 

Total number of samples or volume 144 44 4550 

4) SCHEDULE AND TEAM MEMBERS  
a) This experiment will be conducted during the week of Sept 21, 2015.  

a. Sunday: Arrival in Memphis 
b. Monday: Plant survey and prep work 
c. Tuesday, Wednesday, Thursday: Sample collection and testing days.  

i. 1st sample collected ca. 07:00. Complete test matrix (ca. 5 – 6 hours) 
ii. 2nd sample collected ca. 13:00. Complete test matrix (ca. 5 – 6 hours) 

d.  Friday: Buffer day for extra tests if needed 
 

b) On-site Team:  
a. PAA work: Adrian Murray, PhD, Trojan Application Specialist 
b. UV work:  Wenjun Sun, PhD, Trojan Application Specialist 
c. Josh Goldman, PhD, CDM Smith, Environmental Engineer 

5) METHODS 

Analytical Methods 

UV collimated beam and PAA measurements will be conducted following the established SOPs 
developed by Trojan Technologies.  
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E. coli measurements will be performed by Waypoint Analytical (Memphis, TN) following the Idexx 
Colisure protocol. 
Color and UVT will be measured on-site by CDM. TSS, COD, and BOD will be measured by an 
external lab, arranged by CDM. 
UV irradiation times and PAA contact times provided in the test plan below are estimates based on 
previous experiments performed by Trojan Technologies on Maxson water samples. The actual UV 
irradiation and PAA contact times to be used will be determined for each collected sample prior to 
analysis.  

Test  procedures 

1. Prepare PAA stock solution (1000 mg/L) from 22% PAA, measure the concentration using titration 
method (see SOP - PAA production and testing) and with CHEMetrics test kit.  

2. Prepare a second PAA stock solution (10,000 mg/L) from 22% PAA, and measure the concentration 
using titration method (see SOP - PAA production and testing) and with CHEMetrics test kit..  

3. Prepare sodium bisulfite stock solution (0.01M) from commercial standard.  
4. Collect 6 x 100 mL of sample and set aside as controls for E. coli analysis.  

4.1. Suggested dilutions are: 4 log, 3 log.   
5. Conduct PAA demand/decay pre-test. 

5.1 Measure 250 mL of sample and pour into 500 mL beaker. 
5.2 Add appropriate volume of PAA stock solution (1000 mg/L) to obtain 4 mg/L PAA in the 

250 mL sample. Start timer immediately after addition. The stir rate for PAA reaction is level 
10. 

5.3 Measure residual PAA (by removing 25 mL and adding to CHEMetrics test kit) at time 
intervals of:   

5.3.1 0.5 min 
5.3.2 2 min 
5.3.3 4 min 
5.3.4 8 min 
5.3.5 16 min 

5.4 Quench sample with 0.01 M NaHSO3 stock solution (stoichiometric) and discard. 
5.5 Measure background PAA reading for the water sample, in triplicate.   
5.6 Record actual concentration of PAA added to sample by dosing in the same volume of PAA 

stock solution into 250 mL DI water, in triplicate.  
5.7 Record measured PAA residuals in the file “Decay Demand Analysis for CT Estimates”. 
5.8 Repeat steps 5.1-5.7 one more time on the same water sample. 
5.9 Repeat steps 5.1 – 5.7 with PAA stock solution (10,000 mg/L) 
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6. Conduct PAA / PAA +UV test:  

6.1 Measure 1500 mL of sample and pour into 2000 mL beaker.  
6.2 Target a PAA residual of approximately 2 mg/L after 30 seconds, based on step 3, calculate 

the time required to achieve the above CT (to be estimated with a preliminary decay test), 
keeping in mind that the actual CT would need to be recalculated for the actual residual PAA 
concentration measured during PAA disinfection experiments.  

6.3 Add PAA concentration calculated from step 5.2, start timer immediately after addition. 
6.4 Measure residual PAA (by removing 25 mL and adding to CHEMetrics test kit) at required 

CT (approx.. 1:01, 2:05, 4:19, 6:44, 9:21 and 23:01 min:sec) 
6.5 At the following times, the designated volume of sample is withdrawn and a stoichiometric 

amount of sodium bisulfite stock solution is added to quench the residual (to ensure 
immediate quenching at the required time). 

6.5.1 For time 1:01, collect 100 mL of sample for microbial testing 
6.5.2 For times 2:05 – 9:21, collect 300 mL of sample for microbial testing and to be 

used for PAA+UV testing 
6.5.3 For time 23:01, collect 100 mL of sample for microbial testing    

6.6 For each 300 mL subsample collected for PAA+UV analysis (times 2:05 – 9:21), subsample 
50 mL for microbial testing. Use the remaining 250 mL to prepare 50 mL samples for UV 
irradiation.  

6.6.1 Measure the UV intensity of the collimated beam to use in calculating the 
irradiation time (based on the spreadsheet developed by Trojan Technologies – 
see SOP-collimated beam). The stir rate for UV collimated beam should be set at 
level 10.  

6.6.2 Irradiate 50 mL volume from the subsample to a fluence of 10 mJ/cm2. Retain the 
50 mL of sample for E. coli analysis. 

6.6.3 To a new 50 mL sample, irradiate to a fluence of 15 mJ/cm2. Retain the 50 mL of 
sample for E. coli analysis. 

6.6.4 To a new 50 mL sample, irradiate to a fluence of 20 mJ/cm2. Retain the 50 mL of 
sample for E. coli analysis. 

6.6.5 Repeat 6.6.1 – 6.6.4 for each 300 mL subsample.  
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Table 3 - Sample dilutions for E.coli enumeration 

Test ID # 
UV Fluence 

(mJ/cm
2
) 

PAA CT (mg/L min) Dilution 

2 0 2.5 4 log, 3 log 

3 0 5 3 log, 2 log 

26 10 5 2 log, 1 log 

27 15 5 1 log, none 

28 20 5 none 

4 0 10 2 log, 1 log 

29 10 10 1 log, none 

30 15 10 none 

31 20 10 none 

5 0 15 1 log, none 

32 10 15 none 

33 15 15 none 

34 20 15 none 

6 0 20 none 

35 10 20 none 

36 15 20 none 

37 20 20 none 

7 0 40 none 
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7. Conduct UV+PAA test:  

7.1 Measure the UV intensity of the collimated beam to use in calculating the irradiation time 
(based on the spreadsheet developed by Trojan Technologies – see SOP-collimated 
beam).The stir rate for UV collimated beam should be set at level 10. 

7.2 Irradiate 50 mL volume at the specified fluence, ex. 10 mJ/cm2,  
7.3 Repeat step 7.2 six more times to obtain 350 mL of irradiated sample.  
7.4 Withdraw 50 mL of sample for E. coli analysis.  
7.5 Spike the leftover UV irradiated composite batch with PAA to obtain a 2 mg/L residual (after 

30 seconds), and start timer.  
7.6 Withdraw samples: 25mL for PAA analysis and 50 mL for E. coli (to be quenched with 

NaHSO3) at 2:05, 4:19, 6:44 and 9:21 min:sec.  
7.7 Repeat steps 7.5 – 7.6 for remaining UV intensities (15 and 20 mJ/cm2) 

Table 4 – Suggested dilutions for E.coli coliform enumeration 

Test ID # 
UV Fluence 

(mJ/cm
2
) 

PAA CT (mg/L min) Dilutions 

10 10 0 2 log, 1 log 

14 10 5 1 log, none 

15 10 10 none 

16 10 15 none 

17 10 20 none 

11 15 0 1 log, none 

18 15 5 none 

19 15 10 none 

20 15 15 none 

21 15 20 none 

12 20 0 none 

22 20 5 none 
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23 20 10 none 

24 20 15 none 

25 20 20 none 

 
 

8. Conduct UV alone test:  

8.1 Repeat step 7.1 to determine the irradiation time required for each target UV dosage (2.5, 5, 
40 mJ/cm2).  

8.2 Use 50 mL secondary effluent samples and irradiate using the calculated durations from step 
6.1 

8.3 Retain the entire 50 mL of sample for E. coli analysis. 
8.3 Repeat steps 8.1 – 8.3 for remaining UV fluences.  

Table 5 – Suggested sample dilutions for E. coli enumeration 

Test ID # 
UV Fluence 

(mJ/cm
2
) 

Dilutions 

8 2.5 4 log, 3 log 

9 5 3 log, 2 log 

13 40 none 

 

9. Conduct simultaneous UV+PAA:  

9.1. A detailed test matrix for this section is provided as an appendix.  
9.2. Place 50 mL sample under UV lamp while simultaneously adding PAA (spike to 2 mg/L after 

residual, as calculated previously)  
9.3. Irradiate sample for 3:32 (ca. 10 mJ/cm2). Remove sample from UV, remove 10 mL for PAA 

analysis, and quench remaining sample with NaHSO3. Use 10 mL sub-sample to measure PAA 
residual concentration. Use the remaining 40 mL of sample for E. coli analysis. 

9.4. For a new sample, irradiate for 3:32 (ca. 10 mJ/cm2), while simultaneously adding PAA (spike 
to 2 mg/L after residual, as calculated previously). Remove sample and let stir additional 0:47, 
remove 10 mL for PAA analysis, and quench remaining sample with NaHSO3. Use the 
remaining 40 mL of sample for E. coli analysis. 

EPA-HQ-2019-004783   001912



 

 

       
40 

 

9.5. For a new sample, irradiate for 3:32 (ca. 10 mJ/cm2), while simultaneously adding PAA (spike 
to 2 mg/L after residual, as calculated previously). Remove sample and let stir additional 3:12, 
remove 10 mL for PAA analysis, and quench remaining sample with NaHSO3. Use the 
remaining 40 mL of sample for E. coli analysis. 

9.6. For a new sample, irradiate for 3:32 (ca. 10 mJ/cm2), while simultaneously adding PAA (spike 
to 2 mg/L after residual, as calculated previously). Remove sample and let stir additional 5:49, 
remove 10 mL for PAA analysis, and quench remaining sample with NaHSO3. Use the 
remaining 40 mL of sample for E. coli analysis. 

9.7. For a new sample, irradiate for 5:18 (ca. 15 mJ/cm2), while simultaneously adding PAA (spike 
to 2 mg/L after residual, as calculated previously).  Remove sample from UV, and remove 10 
mL for PAA analysis, and quench remaining sample with NaHSO3. Use the remaining 40 mL of 
sample for E. coli analysis. 

9.8. For a new sample, irradiate for 5:18 (ca. 15 mJ/cm2), while simultaneously adding PAA (spike 
to 2 mg/L after residual, as calculated previously). Remove sample and let stir additional 1:26, 
remove 10 mL for PAA analysis, and quench remaining sample with NaHSO3. Use the 
remaining 40 mL of sample for E. coli analysis. 

9.9. For a new sample, irradiate for 5:18 (ca. 15 mJ/cm2), while simultaneously adding PAA (spike 
to 2 mg/L after residual, as calculated previously). Remove sample and let stir additional 4:03, 
remove 10 mL for PAA analysis, and quench remaining sample with NaHSO3. Use the 
remaining 40 mL of sample for E. coli analysis. 

9.10. For a new sample, irradiate for 7:05 (ca. 20 mJ/cm2), while simultaneously adding PAA 
(spike to 2 mg/L after residual, as calculated previously).  Remove sample from UV, and 
remove 10 mL for PAA analysis, and quench remaining sample with NaHSO3. Use the 
remaining 40 mL of sample for E. coli analysis. 

9.11. For a new sample, irradiate for 7:05 (ca. 20 mJ/cm2), while simultaneously adding PAA (spike 
to 2 mg/L after residual, as calculated previously). Remove sample and let stir additional 2:17, 
remove 10 mL for PAA analysis, and quench remaining sample with NaHSO3. Use the 
remaining 40 mL of sample for E. coli analysis. 

 
10. Conduct simultaneous PAA+UV:  

10.1. A detailed test matrix for this section is provided as an appendix. 
10.2. Place 50 mL sample on stir plate and add PAA (spike to 2 mg/L after residual, as 

calculated previously) Stir sample for 0:47 and then place under UV lamp. Stir for additional 
3:32 (ca. 10 mJ/cm2) and then remove from lamp. Remove 10 mL for PAA analysis, and 
quench remaining sample with NaHSO3. Use the remaining 40 mL of sample for E. coli 
analysis. 
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10.3. For a new sample, place 50 mL sample on stir plate and add PAA (spike to 2 mg/L after 
residual, as calculated previously) Stir sample for 3:12 and then place under UV lamp. Stir for 
additional 3:32 (ca. 10 mJ/cm2) and then remove from lamp. Remove 10 mL for PAA analysis, 
and quench remaining sample with NaHSO3. Use the remaining 40 mL of sample for E. coli 
analysis. 

10.4. For a new sample, place 50 mL sample on stir plate and add PAA (spike to 2 mg/L after 
residual, as calculated previously) Stir sample for 5:49 and then place under UV lamp. Stir for 
additional 3:32 (ca. 10 mJ/cm2) and then remove from lamp. Remove 10 mL for PAA analysis, 
and quench remaining sample with NaHSO3. Use the remaining 40 mL of sample for E. coli 
analysis. 

10.5. For a new sample, place 50 mL sample on stir plate and add PAA (spike to 2 mg/L after 
residual, as calculated previously) Stir sample for 1:26 and then place under UV lamp. Stir for 
additional 5:18 (ca. 15 mJ/cm2) and then remove from lamp. Remove 10 mL for PAA analysis, 
and quench remaining sample with NaHSO3. Use the remaining 40 mL of sample for E. coli 
analysis. 

10.6. For a new sample, place 50 mL sample on stir plate and add PAA (spike to 2 mg/L after 
residual, as calculated previously) Stir sample for 4:03 and then place under UV lamp. Stir for 
additional 5:18 (ca. 15 mJ/cm2) and then remove from lamp. Remove 10 mL for PAA analysis, 
and quench remaining sample with NaHSO3. Use the remaining 40 mL of sample for E. coli 
analysis. 

10.7. For a new sample, place 50 mL sample on stir plate and add PAA (spike to 2 mg/L after 
residual, as calculated previously) Stir sample for 2:17 and then place under UV lamp. Stir for 
additional 7:04 (ca. 20 mJ/cm2) and then remove from lamp. Remove 10 mL for PAA analysis, 
and quench remaining sample with NaHSO3. Use the remaining 40 mL of sample for E. coli 
analysis. 

Table 6 – Suggested sample dilutions for E. coli enumeration 

Test ID # 
UV Fluence 

(mJ/cm
2
) before 

PAA 

PAA CT (mg/L 

min) 

UV Fluence 

(mJ/cm
2
) after 

PAA 

Dilutions 

38 10 5 – 10 - 1 log, none 

39 10 5 – 10 - 1 log, none 

40 10 10 – 15 - none 
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41 10 15 – 20 - none 

42 15 10 – 15 - none 

43 15 10 – 15 - none 

44 15 15 – 20 - none 

45 20 15 – 20 - none 

46 20 15 – 20 - none 

47 - 5 – 10 10 1 log, none 

48 - 10 – 15 10 none 

49 - 15 – 20 10 none 

50 - 10 – 15 15 none 

51 - 15 – 20 15 none 

52 - 15 – 20 20 none 

 

Material 

- Collimated beam, Extra lamp for collimated beam, radiometer  

- CHEMetrics PAA analyzer 

- PAA test kits 

- Sample vials for microbial analysis 

- UVT detector  

- PAA stock solution, provided on site 

- Sodium sulfite for quenching 

- wash bottle 

- Sample bottles for collecting samples 

- Cooler for transporting samples 

- micropipettes, 0.1 – 1 mL, 10 – 100 L. 

- pipette tips 
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- autopipetter, plus larger pipettes (10 – 50 mL)  

- grad cylinders, 1 x 50 mL, 1 x 500 mL 

- 60 mL petri dishes with stir bars  

- 500 mL beakers, 2000 mL beakers 

- stop watch / timer  

- stir plates 

- Kim wipes 

- labels, markers, tape, pens, etc 

- small, brown glass sample bottles to prepare stock solutions of PAA and quench NaHSO3 

- Cerium Sulfate 

- sodium thiosulfate 

- hach sulfate 1 test packetes 

- ferroin indicator  

- burret for PAA titration 

- 50 mL Erlenmeyer flasks 

Appendix : Test matrix for simultaneous UV+PAA and PAA+UV 

Test 

ID # 

Treatment 

process 

UV 

irradiation 

time (min) 

UV Dosage 

(mJ/cm
2
) 

Additional 

PAA contact 

time (min) 

Total 

Contact 

time 

(min) 

Total PAA 

CT (mg/L 

min) 

38 
Simult. 

UV+PAA 
3:32 10 0 3:32 

between 5-

10 

39 
Simult. 

UV+PAA 
3:32 10 0:47 4:19 

between 5-

10 

40 
Simult. 

UV+PAA 
3:32 10 3:12 6:44 

between 

10-15 

41 
Simult. 

UV+PAA 
3:32 10 5:49 9:21 

between 

15-20 

42 
Simult. 

UV+PAA 
5:18 15 0 5:18 

between 

10-15 

43 Simult. 5:18 15 1:26 6:44 between 
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UV+PAA 10-15 

44 
Simult. 

UV+PAA 
5:18 15 4:03 9:21 

between 

15-20 

45 
Simult. 

UV+PAA 
7:04 20 0 7:04 

between 

15-20 

46 
Simult. 

UV+PAA 
7:04 20 2:17 9:21 

between 

15-20 

Sample 

# 

Treatment 

process 

Initial PAA 

contact time 

(min) 

UV 

irradiation 

time (min) 

UV Dosage 

(mJ/cm
2
) 

Total 

Contact 

time 

(min) 

Total PAA 

CT (mg/L 

min) 

47 
Simult. 

PAA+UV 
0:47 3:32 10 4:19 

between 5-

10 

48 
Simult. 

PAA+UV 
3:12 3:32 10 6:44 

between 

10-15 

49 
Simult. 

PAA+UV 
5:49 3:32 10 9:21 

between 

15-20 

50 
Simult. 

PAA+UV 
1:26 5:18 15 6:44 

between 

10-15 

51 
Simult. 

PAA+UV 
4:03 5:18 15 9:21 

between 

15-20 

52 
Simult. 

PAA+UV 
2:17 7:04 20 9:21 

between 

15-20 
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APPENDIX B – RAW DATA 
 

These tests were performed on Sep 21. The goal was to compare 22% and 15% PAA formulations for inactivation of E. coli. Each stock was prepared to 0.1% 
         

Sample ID PAA product Contact Time (min) E-coli (MPN/100 mL)      

DDTest-0  0 411000      

DDTest-0 Dilution #2  0 700000      

DDTest-22-1 22% 1 488000      

DDTest-22-1 Dilution #2 22% 1 450000      

DDTest-22-4 22% 4 242000      

DDTest-22-4  Dilution #2 22% 4 326000      

DDTest-22-8 22% 8 2850      

DDTest-22-8 Dilution #2 22% 8 2800      

DDTest-22-16 22% 16 236      

DDTest-22-16 Dilution #2 22% 16 270      

DDTest-22-32 22% 32 111      

DDTest-22-32 Dilution #2 22% 32 190      

DDTest-15-1 15% 1 461000      

DDTest-15-1 Dilution #2 15% 1 370000      

DDTest-15-4 15% 4 >242000      

DDTest-15-4 Dilution #2 15% 4 308000      

DDTest-15-8 15% 8 7700      

DDTest-15-8 Dilution #2 15% 8 7500      

DDTest-15-16 15% 16 770      
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DDTest-15-16 Dilution #2 15% 16 1120      

DDTest-15-32 15% 32 51      

DDTest-15-32 Dilution #2 15% 32 100      

         

These tests were performed on Sep 21. The goal was to compare the decomposition of 22% and 15% PAA. Also the effect of dilution to 0.1% and 1% was investigated. 

         

PAA product Contact Time (min) PAA concentration (mg/L)       

22% diluted to 0.1% 0 4.77       

22% diluted to 0.1% 0.2 1.37       

22% diluted to 0.1% 0.4 1.36       

22% diluted to 0.1% 0.8 1.34       

22% diluted to 0.1% 1 1.33       

22% diluted to 0.1% 2 1.29       

22% diluted to 0.1% 4 1.20       

22% diluted to 0.1% 8 1.03       

22% diluted to 0.1% 16 0.77       

22% diluted to 0.1% 32 0.43       

         

15% diluted to 0.1% 0 4.81       

15% diluted to 0.1% 0.2 1.18       

15% diluted to 0.1% 0.4 1.17       

15% diluted to 0.1% 0.8 1.15       

15% diluted to 0.1% 1 1.14       

15% diluted to 0.1% 2 1.08       

15% diluted to 0.1% 4 0.97       

EPA-HQ-2019-004783   001919



 

 

       47 

 

15% diluted to 0.1% 8 0.79       

15% diluted to 0.1% 16 0.53       

15% diluted to 0.1% 32 0.23       

         

22% diluted to 1% 0 4.77       

22% diluted to 1% 0.2 1.33       

22% diluted to 1% 0.4 1.32       

22% diluted to 1% 0.8 1.30       

22% diluted to 1% 1 1.29       

22% diluted to 1% 2 1.25       

22% diluted to 1% 4 1.17       

22% diluted to 1% 8 1.02       

22% diluted to 1% 16 0.77       

22% diluted to 1% 32 0.44       
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The following data is for samples tested with PAA only. 

Sample  
Contact Time 

(min) 
PAA Residual 
(mg·min/L) 

CT dose 
(mg·min/L) 

Average Nexp 

(MPN/100mL) 

Sep. 22, AM 
Co = 6.97 

0.00 - 0 217210 

0.75 3.46 2.48 256685 

1.50 2.72 4.85 17605 

3.50 2.69 10.64 354 

5.50 2.52 15.75 151 

8.00 2.16 21.30 126 

32.00 0.31 46.65 26 

Sep. 22, PM 
Co = 5.79 

0.00 - 0.00 210012 

1.00 3.29 3.57 186225 

2.00 2.63 6.93 28819 

4.00 2.49 13.04 481 

8.00 2.1 23.18 155 

10.00 1.82 27.37 129 

40.00 0.45 53.87 67 

Sep. 24, AM 
Co = 6.95 

0.00   0.00 1420716 

0.75 3.53 2.84 213519 

1.50 3.08 5.56 102032 

3.50 2.78 12.19 876 

5.50 2.58 18.05 357 

8.00 2.01 24.40 214 

40.00 0.6 56.71 106 

Sep. 24, PM 
Co = 5.91 

0.00 - 0.00 889812 

1.00 3.02 3.17 634671 

2.00 2.6 6.15 224841 

4.00 2.2 11.57 4148 

7.00 2 18.53 639 

10.00 1.74 24.29 549 

40.00 0.36 47.81 75 
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The following data is for samples tested with UV only. 

Sample 
Date 

UV irradiation 
time (min) 

UV dose 
(mJ/cm2) 

Average Nexp 

(MPN/100mL) 

Sep. 22, 
AM 

0.00 0 217210 

1.16 2.5 151327 

2.32 5 32425 

4.64 10 1300 

6.96 15 212 

9.28 20 192 

18.57 40 19 

Sep. 22, 
PM 

0.00 0 210012 

1.10 2.5 79635 

2.20 5 27242 

4.40 10 941 

6.60 15 289 

8.79 20 290 

17.59 40 41 

Sep. 24, 
AM 

0.00 0 1420716 

1.14 2.5 291240 

2.27 5 64426 

4.55 10 3373 

6.82 15 598 

9.10 20 378 

Sep. 24, 
PM 

0.00 0 889812 

1.13 2.5 223162 

2.26 5 69375 

4.53 10 1853 

6.79 15 304 

9.05 20 322 

18.11 40 56 
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The following data is for samples tested with UV followed by PAA. 

Sample 
Date 

UV irradiation 
time (min) 

UV dose 
(mJ/cm2) 

PAA Contact Time 
(min) 

PAA Residual 
(mg·min/L) 

CT dose 
(mg·min/L) 

Average Nexp 

(MPN/100mL) 

Sep. 22, AM 
Co = 6.86 

4.64 10 1.50 3.38 5.49 830 

4.64 10 3.50 2.89 11.86 31 

4.64 10 5.50 2.83 17.28 22 

4.64 10 8.00 1.82 22.95 11 

6.96 15 1.50 3.41 5.35 272 

6.96 15 3.50 3.00 11.76 12 

6.96 15 5.50 2.70 17.45 67 

6.96 15 8.00 2.29 23.66 17 

9.28 20 1.50 3.72 5.76 156 

9.28 20 3.50 3.23 12.51 29 

9.28 20 5.50 2.17 18.32 25 

9.28 20 8.00 2.58 24.47 10 

Sep. 22, PM 
Co = 6.19 

4.40 10 1.50 2.96 5.89 696 

4.40 10 1.50 - 5.89 632 

4.40 10 3.50 2.22 11.20 62 

4.40 10 5.50 2.29 18.23 19 

6.60 15 1.50 2.44 5.26 260 

6.60 15 1.50 - 5.26 123 

6.60 15 3.50 2.34 10.07 33 

6.60 15 5.50 2.19 16.55 12 

6.60 15 8.00 1.64 22.23 16 

8.79 20 1.50 2.67 5.88 110 
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8.79 20 1.50 - 5.88 36 

8.79 20 3.50 2.63 11.08 13 

8.79 20 5.50 1.93 17.78 10 

8.79 20 8.00 1.71 23.37 10 

Sep. 24, AM 
Co = 7.00 

4.55 10 1.50 3.47 4.97 1504 

4.55 10 1.50 - 4.97 2331 

4.55 10 3.50 3.08 10.98 121 

4.55 10 5.50 2.49 16.35 120 

4.55 10 8.00 2.44 22.28 53 

6.82 15 1.50 3.30 4.97 786 

6.82 15 1.50 - 4.97 285 

6.82 15 3.50 3.00 10.98 98 

6.82 15 5.50 2.76 16.35 50 

6.82 15 8.00 2.37 22.28 59 

9.10 20 1.50 3.53 4.97 244 

9.10 20 1.50 - 4.97 252 

9.10 20 3.50 3.17 10.98 14 

9.10 20 5.50 2.66 16.35 15 

9.10 20 8.00 2.34 22.28 15 

Sep. 24, PM 
Co = 5.92 

4.53 10 2.00 2.74 5.82 1256 

4.53 10 2.00 - 5.82 2203 

4.53 10 4.00 2.47 11.03 194 

4.53 10 7.00 2.10 17.83 118 

4.53 10 10.00 1.74 23.57 284 

6.79 15 2.00 2.67 5.73 612 

6.79 15 2.00 - 5.73 629 
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6.79 15 4.00 2.45 10.85 71 

6.79 15 7.00 2.11 17.54 23 

6.79 15 10.00 1.68 23.20 141 

9.05 20 2.00 2.68 5.58 324 

9.05 20 2.00 - 5.58 209 

9.05 20 4.00 2.45 10.76 32 

9.05 20 7.00 2.35 17.84 34 

9.05 20 10.00 1.92 24.16 17 
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The following data is for samples tested with PAA followed by UV. 

Sample 
Date 

PAA Contact Time 
(min) 

PAA Residual 
(mg·min/L) 

CT dose 
(mg·min/L) 

UV irradiation time 
(min) 

UV dose 
(mJ/cm2) 

Average Nexp 

(MPN/100mL) 

Sep. 22, AM 
Co = 6.97 

1.50 2.72 4.85 4.64 10 473 

1.50 2.72 4.85 6.96 15 117 

1.50 2.72 4.85 9.28 20 53 

3.50 2.69 10.64 4.64 10 17 

3.50 2.69 10.64 6.96 15 14 

3.50 2.69 10.64 9.28 20 423 

5.50 2.52 15.75 4.64 10 18 

5.50 2.52 15.75 6.96 15 19 

5.50 2.52 15.75 9.28 20 5 

8.00 2.16 21.30 4.64 10 86 

8.00 2.16 21.30 6.96 15 47 

8.00 2.16 21.30 9.28 20 20 

Sep. 22, PM 
Co = 5.79 

2.00 2.63 6.04 4.40 10 184 

2.00 2.63 6.04 6.60 15 120 

2.00 2.63 6.04 8.79 20 41 

4.00 2.49 11.43 4.40 10 35 

4.00 2.49 11.43 6.60 15 19 

4.00 2.49 11.43 8.79 20 4 

8.00 2.1 18.45 4.40 10 22 

8.00 2.1 18.45 6.60 15 58 

8.00 2.1 18.45 8.79 20 8 

10.00 1.82 24.38 4.40 10 42 
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10.00 1.82 24.38 6.60 15 13 

10.00 1.82 24.38 8.79 20 28 

Sep. 24, AM 
6.95 

1.50 3.08 4.97 4.55 10 477 

1.50 3.08 4.97 4.55 10 326 

1.50 3.08 4.97 6.82 15 148 

1.50 3.08 4.97 9.10 20 140 

3.50 2.78 10.98 4.55 10 181 

3.50 2.78 10.98 4.55 10 207 

3.50 2.78 10.98 6.82 15 81 

3.50 2.78 10.98 9.10 20 69 

5.50 2.58 16.35 4.55 10 142 

5.50 2.58 16.35 6.82 15 192 

5.50 2.58 16.35 6.82 15 206 

5.50 2.58 16.35 9.10 20 28 

8.00 2.01 22.28 4.55 10 473 

8.00 2.01 22.28 6.82 15 139 

8.00 2.01 22.28 9.10 20 372 

Sep. 24, PM 
Co = 5.91 

2.00 2.6 5.59 4.53 10 633 

2.00 2.6 5.59 4.53 10 697 

2.00 2.6 5.59 6.79 15 176 

2.00 2.6 5.59 9.05 20 134 

4.00 2.2 10.44 4.53 10 256 

4.00 2.2 10.44 4.53 10 130 

4.00 2.2 10.44 6.79 15 74 

4.00 2.2 10.44 9.05 20 41 

7.00 2 16.51 4.53 10 90 
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7.00 2 16.51 6.79 15 43 

7.00 2 16.51 6.79 15 64 

7.00 2 16.51 9.05 20 48 

10.00 1.74 21.39 4.53 10 118 

10.00 1.74 21.39 6.79 15 131 
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The following data is for the simultaneous treatment with UV and PAA. 

Sample 
Date 

UV irradiation time 
(min) 

UV dose 
(mJ/cm2) 

PAA Contact Time 
(min) 

PAA Residual 
(mg·min/L) 

CT dose 
(mg·min/L) 

Average Nexp 

(MPN/100mL) 

Sep. 22, 
AM Co = 

6.25 

4.64 10 4.65 2.79 14.46 234 

4.64 10 7.00 2.48 20.30 494 

4.64 10 9.00 2.31 24.64 192 

4.64 10 12.00 1.72 30.20 216 

6.96 15 7.00 2.14 20.30 154 

6.96 15 9.00 2.26 24.64 198 

6.96 15 12.00 1.93 30.20 296 

9.28 20 9.00 1.85 24.64 272 

9.28 20 12.00 1.82 30.20 212 

4.64 10 7.00 1.81 20.30 360 

4.64 10 9.00 1.46 24.64 851 

4.64 10 12.00 1.96 30.20 230 

6.96 15 9.00 2.01 24.64 148 

6.96 15 12.00 2.00 30.20 134 

9.28 20 12.00 1.35 30.20 80 

Sep. 22, 
PM Co = 

6.32 

4.40 10 4.65 2.57 13.61 230 

4.40 10 4.65 - 13.61 244 

4.40 10 7.00 2.34 19.30 40 

4.40 10 9.00 2.14 23.61 38 

4.40 10 12.00 1.93 29.27 77 

6.60 15 7.00 2.24 19.30 183 

6.60 15 9.00 1.99 23.61 82 
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6.60 15 12.00 1.28 29.27 48 

8.79 20 9.00 2.13 23.61 109 

8.79 20 12.00 1.86 29.27 22 

4.40 10 7.00 2.23 19.30 84 

4.40 10 9.00 1.95 23.61 25 

4.40 10 12.00 1.62 29.27 39 

6.60 15 9.00 2.15 23.61 202 

6.60 15 12.00 1.78 29.27 63 

8.79 20 12.00 1.85 29.27 48 

Sep. 24, 
AM Co = 

6.01 

4.55 10 4.65 2.41 12.80 325 

4.55 10 4.65 - 12.80 1115 

4.55 10 7.00 2.14 18.21 326 

4.55 10 9.00 2.08 22.35 203 

4.55 10 12.00 1.73 27.81 255 

6.82 15 7.00 2.21 18.21 287 

6.82 15 9.00 2.08 22.35 334 

6.82 15 12.00 1.88 27.81 134 

9.10 20 9.00 1.81 22.35 240 

9.10 20 12.00 1.52 27.81 132 

4.55 10 7.00 2.26 18.21 444 

4.55 10 9.00 2.01 22.35 209 

4.55 10 9.00 1.64 22.35 311 

4.55 10 12.00 - 27.81 305 

6.82 15 9.00 2.05 22.35 195 

6.82 15 12.00 1.55 27.81 307 

9.10 20 12.00 1.56 27.81 103 
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Sep. 24, 
PM Co = 

6.25 

4.53 10 4.65 2.74 14.50 271 

4.53 10 4.65 - 14.50 1817 

4.53 10 7.00 2.53 20.60 441 

4.53 10 9.00 2.31 25.23 255 

4.53 10 12.00 2.11 31.34 273 

6.79 15 7.00 2.45 20.60 513 

6.79 15 9.00 2.38 25.23 560 

6.79 15 12.00 1.93 31.34 895 

9.05 20 9.00 2.14 25.23 154 

9.05 20 12.00 1.92 31.34 262 

4.53 10 7.00 2.39 20.60 414 

4.53 10 9.00 2.15 25.23 977 

4.53 10 9.00 - 25.23 828 

4.53 10 12.00 1.87 31.34 256 

6.79 15 9.00 2.11 25.23 700 

6.79 15 12.00 1.79 31.34 711 

9.05 20 12.00 1.54 31.34 161 
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Technical Memorandum 

 

To: Scott Morgan, P.E. 

Mike Brower, Plant Manager 

City of Memphis, Environmental Engineering Department 

 

From: Kati Bell, Ph.D., PE, BCEE  

Joshua E. Goldman, Ph.D.  

Sarah A. Stewart, PE 

 

Date: April 28, 2015 

 

Subject: Additional Testing for Disinfection  - Contract 28231 

at the T.E. Maxson Wastewater Treatment Plant 
 

This technical memorandum provides information and guidelines on the operation and sampling 

protocols for the peracetic acid (PAA) parallel pipe reactor pilot to be conducted at the T.E. Maxson 

wastewater treatment plant (Maxson WWTP). PAA piloting was previously conducted at the 

Maxson WWTP in 2013; during the time of the initial pilot testing, construction of the new fine bar 

screens was nearing completion. Since that time, the facility has observed notable improvements in 

plant performance.  Additionally, there has been a significant change in the plant influent loading 

due to a reduction in discharges from one of the major industrial users. Considering these factors, 

coupled with the potential benefits of aligning disinfection technologies between the Maxson 

WWTP and the Stiles WWTP,  it is useful to conduct a brief pilot study to determine whether these 

changes have impacted the UV and PAA design doses. 

Objectives 

The key objectives of the additional testing to be conducted are aimed at supplementing the bench 

and pilot testing that have previously been conducted at the Maxson WWTP. In order to confirm the 

results of previous testing, in light of the recent changes at the facility, the following objectives will 

be addressed with the current testing with respect to meeting limits for Eschercia coli (E. coli) as 

outlined in the current draft National Pollutant Discharge Elimination System (NPDES) permit:  

� Confirm the UV disinfection design dose to support estimates of capital and operating costs 

� Refine the design criteria for PAA disinfection to meet disinfection limits  

- Determine the kinetic model parameters to predict PAA disinfection efficacy across a range of 

doses and contact times; this information will be used to establish the sizing for a contact 

basin to support calculation of associated capital costs 
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- Determine the design dose for average conditions to support calculation of associated 

operating costs 

UV Disinfection 

In order to size a UV disinfection system, the disinfection dose must be established. For an existing 

facility with effluent available, the most accurate dose sizing can be accomplished using site-specific 

information for the target organism, here E. coli, based on its UV dose-response. This data is 

developed using a collimated beam test, which allows a sample to be exposed to UV irradiation at 

increasing doses, with measurement of the resulting bacteria concentration at each dose. The data 

is then analyzed to determine the target organism sensitivity (DL) by evaluating the log inactivation 

rate per dose. The DL is then used along with data on undisinfected effluent bacteria concentrations 

to establish target inactivation rates for design. The inactivation rates are multiplied by the site-

specific DL, and safety factors that represent the level of variability observed in multiple collimated 

beam studies to set the design dose. UV disinfection equipment systems are sized based on a 

bioassay of one or more surrogate organisms. In order to account for potential site-specific water 

quality effects on the disinfection of the surrogate organism,  three collimated beam samples will 

also be run for MS2 (male-specific [F+] bacteriophage). 

In addition to defining the UV dose through collimated beam testing, it is also important to 

characterize the effluent total suspended solids (TSS) with respect to its potential effects on UV 

disinfection. While the concentration of suspended solids (total weight measurement) is typically 

used to evaluate the potential performance of a UV disinfection system, correlations between 

suspended solids concentrations and UV performance are sometimes inconsistent. Thus, a great 

deal of research has been conducted on the impact of suspended solids on UV disinfection. 

Suspended solids cause the observed effects (i.e., decreased disinfection rate and tailing) by 

interfering with UV disinfection in three ways: (1) by scattering or absorbing light, (2) by shading 

organisms, and (3) by shielding embedded organisms. In these ways, particles can interfere with UV 

disinfection as shown in Figure 1. 
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Figure 1. Possible Interactions between UV Light and Wastewater Particles 

 

A number of researchers have concluded that UV light fully penetrates through particles smaller 

than 10 µm, but not at all through particles larger than 40 µm, even at high UV doses. Thus, 10 – 20 

µm is a critical size, or the lower limit size for shielding microorganisms. The extent to which 

bacteria associate with particles appears to vary widely and is site specific; factors that affect 

bacterial association with particles include particle size, the nature of the particles, treatment type, 

and sludge age. Several studies have demonstrated that the protection provided by particles 

increases with particle size and both the dose and the level of survival at which the dose-response 

curve begins to tail decreases with a decrease in the size of particles. As a result, when conducting 

collimated beam studies to confirm design dose for a wastewater UV disinfection project, it is also 

recommended that a particle size analysis also be conducted. Once particle size distribution data 

has been collected, a project engineer will need to review the data to determine if the amount of 

TSS particles in the > 20 micron size fraction is of concern. If there is a significant fraction of > 20 

micron particles, the project engineer will need to coordinate with the UV equipment manufacturer 

to adjust the delivered dose to account for the presence of these large particles.  

UV Disinfection Testing Protocol 

During this additional testing period, secondary effluent samples will be collected and shipped 

overnight on ice to an outside laboratory for collimated beam and particle size distribution analysis. 

Sample kits will be provided by the laboratory. For each collimated beam sample, 1.5 liters of 

secondary effluent will be collected in pre-cleaned bottles. For particle size distribution analysis 

(PSD), 500 milliliters of secondary effluent will be collected in pre-cleaned bottles. Two to three 

drops of bleach (provided in sample kit) will be added to the PSD samples for preservation. This 

prevents solids characteristics changing prior to analysis. 
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UV Disinfection Testing Schedule 

Samples will be collected three times per week for four weeks for a total of 12 collections; the 

anticipated sample collection schedule is provided in Table 1. 

Table 1 Collimated Beam and PSD Sampling Schedule 

Date(s) Samples Collected 

May 4th, 11th, 18th ,  Collimated Beam (E. coli and MS2), Particle Size Distribution Analysis 

May 5th, 6th, 12th, 13th, 19th, 20th, 25th, 26th, 27th  Collimated Beam (E. coli), Particle Size Distribution Analysis 

 

PAA Disinfection 

Unlike chlorine, PAA does not have well documented requirements for design, thus, it is critical to 

understand the disinfection kinetics associated with this process to provide appropriate design 

criteria for implementation. The most import factors for design of a PAA system are the contact 

time and design dose. For chlorine disinfection, a “CT” (residual concentration times contact time) 

approach has been traditionally used. However, this approach is not adequate in assessing the 

effectiveness of PAA disinfection because of differences in chemical half-lives. As a result, it is 

necessary to capture the PAA reaction kinetics and utilize it in a microbial inactivation model to 

describe the inactivation process taking place. There are a number of models that have been 

developed to address this effect and among the published models, Hom’s model is the most widely 

used to account for deviations from the Chick-Watson formula:  

log ����� = −
��� 

 

In Hom’s model, m is used to account for the shorter half-life of PAA. The model has been validated 

in several studies, showing that Hom’s model is the most appropriate for describing PAA 

disinfection of secondary wastewater effluent for coliform organisms (Rossi et al., 20071; Azzellino 

et al., 20112). Data will be collected during the pilot study that will support analysis using this 

model to make recommendations on the design dose and contact times for possible implementation 

of PAA at the Maxson WWTP.   

                                                                    
1 Rossi S., Antonelli M., Mezzanotte V., Nurizzo C. (2007). Peracetic acid disinfection: a feasible alternative to 

wastewater chlorination. Water Environment Research, 79 (4): 341-350.  

 
2 Azzellino A., Antonelli M., Canziani R., Malpei F., Marinetti M., Nurizzo C. (2011). Multivariate modeling of disinfection 

kinetics: A comparison among three different disinfectants. Desalination and Water Treatment, 29 (1/3): 128-139. 
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PAA Disinfection Testing Protocol 

A mobile pilot reactor, supplied by PeroxyChem (Figures 2 and 3), will be installed at the Maxson 

WWTP near the final clarifiers. Test conditions for the pilot reactor are outlined in Table 2. 

 

 

 

 

 

 

 
Figures 2 and 3 - Pipe Reactor Photos 

 
Table 2 Testing Conditions 

Design Parameter Condition 

Chemical Information VigorOx® WWT II 

MSDS 79-21-0-27 

15% Peracetic Acid by Weight 

Contact Time 20 min 

PAA Dose Range 7-12 mg/L (as active ingredient) 

Pipe Reactor Flow Rate ~25 gpm through the reactor 

 

PeroxyChem will provide the pipe reactor, the PAA, chemical storage and containment systems, 

chemical feed pump skid, piping, valves, appurtenances, and tubing for the PAA feed system to the 

pipe reactor. Layout drawings of the PeroxyChem equipment are included in Appendix A. The pilot 

reactor arrived on site and is being installed the week of April 27th. The supply water to the PAA 

reactor will be effluent pumped from the final clarifiers to the PAA pilot; the pilot discharge will be 

routed back to the final clarifiers. Pumping capabilities and piping are provided by Peroxychem. 

The Material Safety Data Sheet (MSDS) for the PAA used in this pilot test is included in Appendix B. 

Safety and operational training will be conducted by PeroxyChem for CDM Smith and T.E. Maxson 

personnel.  Operation of the pilot will be performed by CDM Smith personnel during the course of 

the pilot; however CDM Smith staff will not be onsite 24-hours per day, 7-days per week, thus in the 

event that an issue arises with the pilot, Maxson WWTP staff will be trained on pilot-shut down 

procedures.   
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Pilot System Testing 

Following the 2013 pilot study, a PAA dose of 13 mg/L was recommended for use at full scale. 

Kinetics are more favorable at the pilot scale, and data from the pilot (Figure 4) indicate that a dose 

of 10 mg/L was required to reduce the E. coli concentration to 126 colony forming units (cfu)/100 

mL. A dose matrix was developed (Table 3) based on historical data from the pilot that was 

conducted in 2013 with the anticipation that recent changes at the facility that have improved 

effluent water quality may result in a lower required dose.  

A bench scale test was performed the week of April 20th to verify the dose ranges identified in the 

previous pilot early in the pilot schedule. The PAA doses in the dose matrix may be modified during 

the testing, depending on the bench scale test results, which are anticipated by May 1st. 

 

 

 

 

 

 

 

 

 

Figure 4 2013 PAA Pilot Data shown with Monthly Geometric Mean Limit of 126 cfu/100 mL 
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Table 3 Dose Matrix 

Week  PAA Dose (mg/L) 

1 7 

2 8 

3 9 

4 10 

5 11 

6 12 

 

Experiments will be conducted four times per day, Monday through Friday. The sampling matrix 

(Table 4) was developed to collect sufficient data for application of the Hom’s model, to correlate 

water quality parameters such as TSS and apparent color with disinfection efficacy. 

Table 4 Sampling Plan 

Analysis  
Measurement 
Location 

Secondary Effluent 
(Control) 

Sample Ports 
1,2,3,4,5 Sample Port 6 Total1 

TSS (mg/L) ETC Lab 1x Daily  -- 30 

pH (SU) Field 4x Daily 1x Daily 4x Daily 3902 

Unfiltered UVT (%) ETC Lab 1x Daily  1x Daily 60 

Apparent Color (PtCo) ETC Lab 1x Daily  1x Daily 60 

Residual PAA (mg/L) Field 4x Daily 1x Daily 4x Daily 390 

E. coli (MPN/100 mL) ETC Lab 4x Daily 1x Daily 4x Daily 390 

Nitrite (mg/L) ETC Lab 1x Daily  1x Daily 60 

Notes: 

1. Totals are based upon a pilot test duration of 6 weeks. 

2. Total number of  pH, PAA residual, and E. coli residual measurement were calculated as follows: 30 days of testing multiplied by 13 tests per 

day (4 at control port, 4 at port 6, 1 each at ports 1-5) 

 

CDM Smith/Powers Hill staff will collect the samples identified in Table 4. A full kinetic test, in 

which samples are collected from every port on the reactor, will be performed once per day. The 

other three tests will include influent and effluent samples only. This scheme allows for multiple 

kinetic tests at each PAA dose, to provide data for Hom’s model while minimizing sampling and 

analysis costs. Field parameters will be measured immediately and laboratory samples will be 

delivered on a daily basis to ETC Laboratory for analysis. PAA residual concentration will be 

measured using a hand held analyzer provided by PeroxyChem, and field pH will be measured using 

a meter provided by CDM Smith.  

Although the dose matrix and sampling plan indicate a six week testing period, the pilot may be 

completed in four weeks if sufficient data is collected to support development of Hom’s model. The 
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dose matrix is designed to start at a low PAA dose and increase weekly. The pilot schedule may be 

reduced if the dose resulting in complete inactivation of E. coli is reached before the sixth week. 

Post Pilot Testing Activities 

Following completion of the testing, PeroxyChem will disassemble and remove the pilot reactor, the 

chemical feed skid, any remaining PAA, and the PAA storage and containment system from the 

Maxson WWTP. 

CDM Smith will update the original draft PAA pilot technical memorandum to include findings 

based on the results collected during this testing. The technical memorandum will summarize pilot 

data and results, including a recommended design dose and updated costs for both UV and PAA 

disinfection to meet the discharge permit limits.
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Appendix A 

PeroxyChem Equipment Drawings 
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Appendix B 

PAA Material Safety Data Sheets 
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1. PRODUCT AND COMPANY IDENTIFICATION

Product Name VigorOxÒ WWT II

Synonyms Peroxyacetic Acid Solution; Peracetic Acid Solution; Ethanperoxoic acid

EPA Registration Number 65402-8
Recommended Use: Wastewater and sewage effluent disinfection; PeroxyChem acquired the EPA product registration

from FMC

2. HAZARDS IDENTIFICATION

EMERGENCY OVERVIEW  

Clear liquid with a sharp, pungent, vinegar-like odor
oxidizer
Contact with combustible material may cause fire
Liquid and mist are corrosive
Direct contact can cause irreversible damage to eyes and skin

Potential Health Effects

Eyes Corrosive to the eyes and may cause severe damage including blindness.
Skin Corrosive to skin.
Inhalation Vapor/mist will irritate nose, throat and lungs.
Ingestion Harmful if swallowed.

Chronic toxicity Repeated inhalation of the mist may cause inflammation of the upper respiratory tract, chronic
bronchitis and etching of the dental enamel.

Environmental Hazard Very toxic to aquatic organisms.

MATERIAL SAFETY DATA SHEET
VigorOxÒ WWT II

MSDS #:  79-21-0-27
Revision date:  2013-02-11

Version  1.01

_____________________________________________________________________________________________

This MSDS has been prepared to meet U.S. OSHA Hazard Communication Standard 29 CFR 1910.1200
And Canadian Workplace Hazardous Materials Information System (WHMIS) requirements.

_____________________________________________________________________________________________

Page  1 / 9

Manufacturer/Supplier

PeroxyChem LLC
2005 Market Street
Suite 3200
Philadelphia, PA 19103
Phone: +1 267/ 422-2400  (General
Information)
E-Mail:  sdsinfo@peroxychem.com

Emergency telephone number

For leak, fire, spill or accident emergencies, call:
1 800 / 424 9300 (CHEMTREC - U.S.A.)
1 703 / 527 3887 (CHEMTREC - Collect - All Other Countries)
 1 303/ 389-1409 (Medical - U.S. - Call Collect)
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VigorOxÒ WWT II
MSDS #:  79-21-0-27

Revision date:  2013-02-11
Version  1.01

4. FIRST AID MEASURES

Eye Contact Immediately flush with plenty of water.  After initial flushing, remove any contact lenses and
continue flushing for at least 15 minutes. Immediate medical attention is required.

Skin Contact Wash off immediately with soap and plenty of water for at least 15 minutes while removing all
contaminated clothing and shoes. Immediate medical attention is required.

Inhalation Move to fresh air. If breathing is irregular or stopped, administer artificial respiration. Administer
oxygen if breathing is difficult. Call a poison control center or doctor for further treatment advice.

Ingestion Immediate medical attention is required. Rinse mouth. Do NOT induce vomiting. Drink 1 or 2
glasses of water. Never give anything by mouth to an unconscious person. If swallowed, do not
induce vomiting - seek medical advice.

Indication of immediate medical
attention and special treatment needed,
if necessary

This product can be corrosive to skin, eyes, and mucous membranes.  Consideration should be given
to careful endoscopy as stomach or esophageal burns, perforations or strictures may occur.  Careful
gastric lavage with an endotracheal tube in place should be considered.  Observations may be
warranted.  Treatment is controlled removal of exposure followed by symptomatic and supportive
care.

5. FIRE-FIGHTING MEASURES

Flammable properties Substance does not burn but will support combustion.

Flash point  68  °C  Closed cup

Suitable Extinguishing Media Water. Cool containers with flooding quantities of water until well after fire is out.

Unsuitable extinguishing media Chemical type extinguishers are not effective with peracetic acid or hydrogen peroxide.

Uniform Fire Code Organic Peroxide: Class 4--Liquid

Explosion data 
Sensitivity to Mechanical Impact Not Available
Sensitivity to Static Discharge Not Available

Specific Hazards Arising from the
Chemical

Decomposes under fire conditions to release oxygen that intensifies the fire.

Protective equipment and precautions
for firefighters

Wear self-contained breathing apparatus and protective suit. Fight fire from maximum distance or
use unmanned hose holders or monitor nozzles.

3. COMPOSITION/INFORMATION ON INGREDIENTS

Ingredients
Chemical name CAS-No Weight %

Water 7732-18-5 45
Hydrogen Peroxide 7722-84-1 23

Acetic Acid 64-19-7 16
Peracetic Acid 79-21-0 15
Sulfuric Acid 7664-93-9 1

NFPA Health Hazards  3 Flammability  1
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8. EXPOSURE CONTROLS/PERSONAL PROTECTION

Exposure Guidelines .

Chemical name ACGIH TLV OSHA PEL NIOSH Mexico
Hydrogen Peroxide

 7722-84-1
TWA: 1 ppm TWA: 1 ppm

TWA: 1.4 mg/m3

IDLH: 75 ppm
TWA: 1 ppm

TWA: 1.4 mg/m3

Mexico: TWA 1 ppm
Mexico: TWA 1.5 mg/m3

Mexico: STEL 2 ppm
Mexico: STEL 3 mg/m3

Sulfuric Acid
 7664-93-9

TWA: 0.2 mg/m3 TWA: 1 mg/m3 IDLH: 15 mg/m3

TWA: 1 mg/m3

Mexico: TWA 1 mg/m3

Acetic Acid
 64-19-7

STEL  15 ppm
TWA: 10 ppm

TWA: 10 ppm
TWA: 25 mg/m3

IDLH: 50 ppm
TWA: 10 ppm

TWA: 25 mg/m3

STEL: 15 ppm
STEL: 37 mg/m3

Mexico: TWA 10 ppm
Mexico: TWA 25 mg/m3

Mexico: STEL 15 ppm
Mexico: STEL 37 mg/m3

Peracetic Acid
 79-21-0

STEL  0.4 ppm

Chemical name British Columbia Quebec Ontario TWAEV Alberta
Hydrogen Peroxide

 7722-84-1
TWA: 1 ppm TWA: 1 ppm

TWA: 1.4 mg/m3

TWA: 1 ppm TWA: 1 ppm
TWA: 1.4 mg/m3

Acetic Acid
 64-19-7

TWA: 10 ppm
STEL: 15 ppm

TWA: 10 ppm
TWA: 25 mg/m3

STEL: 15 ppm
STEL: 37 mg/m3

TWA: 10 ppm
STEL: 15 ppm

TWA: 10 ppm
TWA: 25 mg/m3

STEL: 15 ppm
STEL: 37 mg/m3

Sulfuric Acid
 7664-93-9

TWA: 0.2 mg/m3 TWA: 1 mg/m3

STEL: 3 mg/m3

TWA: 0.2 mg/m3 TWA: 1 mg/m3

STEL: 3 mg/m3

Occupational exposure controls 

Engineering measures Apply technical measures to comply with the occupational exposure limits. When working in
confined spaces (tanks, containers, etc.), ensure that there is a supply of air suitable for breathing and
wear the recommended equipment.

General information These recommendations apply to the product as supplied

6. ACCIDENTAL RELEASE MEASURES

Personal Precautions Keep people away from and upwind of spill/leak. Avoid contact with the skin and the eyes. Use
personal protective equipment. For personal protection see section 8.

Methods for Containment Control runoff and isolate discharged material for proper disposal.  Do not allow material to enter
storm or sanitary sewer system

Methods for cleaning up Combustible materials exposed to hydrogen peroxide should be immediately submerged in or rinsed
with large amounts of water to ensure that all hydrogen peroxide is removed.  Residual hydrogen
peroxide that is allowed to dry (upon evaporation hydrogen peroxide can concentrate) on organic
materials such as paper, fabrics, cotton, leather, wood or other combustibles can cause the material to
ignite and result in fire.

7. HANDLING AND STORAGE

Handling Handle product only in closed system or provide appropriate exhaust ventilation.
Drums - Empty as thoroughly as possible.  Triple rinse drums before disposal.  Avoid contamination;
impurities accelerate decomposition.  Never return product to original container.
IBCs (Tote) - IBCs should be emptied as thoroughly as possible and recycled without rinsing.

Storage
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Keep in a dry, cool and well-ventilated place. Do not store near combustible materials. Keep away
from heat and sources of ignition i.e., steam pipes, radiant heaters, hot air vents or welding sparks.
Keep at temperatures below 30°C. Containers must be vented. Use first in, first out storage system.
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Respiratory Protection When workers are facing concentrations above the exposure limit they must use appropriate certified
respirators. Wear a positive-pressure supplied-air respirator with full facepiece.

Eye/Face Protection Chemical resistant goggles must be worn. If splashes are likely to occur, wear: Face-shield.

Skin and Body Protection Rubber or neoprene footwear. Impervious clothing materials such as rubber, neoprene, nitrile or
polyvinyl chloride. Wear liquid proof rubber or neoprene gloves Hydrogen peroxide is an ingredient
in this product; completely submerge hydrogen peroxide contaminated clothing or other materials in
water prior to drying.  Residual hydrogen peroxide, if allowed to dry on combustible materials such
as paper, fabrics, leather or wood can cause the material to ignite and result in a fire

Hand Protection Rubber/latex/neoprene or other suitable chemical resistant gloves. Wash the outside of gloves with
soap and water prior to removal.  Inspect regularly for leaks. Please observe the instructions
regarding permeability and breakthrough time which are provided by the supplier of the gloves. Also
take into consideration the specific local conditions under which the product is used, such as the
danger of cuts, abrasion and the contact time. If used in solution, or mixed with other substances, and
under conditions which differ from EN 374, contact the supplier of the EC approved gloves

Other Protective Equipment Ensure that eyewash stations and safety showers are close to the workstation location.

Hygiene measures When using, do not eat, drink or smoke. Wear suitable gloves and eye/face protection Wash hands
before breaks and at the end of workday. Wash hands with water as a precaution Regular cleaning of
equipment, work area and clothing is recommended Avoid breathing vapors, mist or gas.

9. PHYSICAL AND CHEMICAL PROPERTIES

Information on basic physical and chemical properties  

Appearance Clear, colorless liquid
Physical State Liquid
Odor stinging, Pungent, vinegar-like
pH  <  1  (1% solution = 2-3 @ 25°C)
Melting Point/Range Not applicable
Freezing Point  -49  °C
Boiling Point/Range  108  °C
Flash point  68  °C  Closed cup
Evaporation Rate >1 (BuAc = 1)
Flammable properties Substance does not burn but will support combustion
Oxidizing properties Strong oxidizer
Vapor pressure 20  mm Hg at 25ºC
Specific gravity  1.16  @ 20°C (H20 = 1)
Bulk Density Not applicable
Water solubility completely soluble

Decomposition temperature  >  55  °C (SADT)
Autoignition temperature  270  °C

10. STABILITY AND REACTIVITY

Stability Stable under recommended storage conditions. Decomposes on heating.

Conditions to Avoid Heat, flames and sparks; Combustibles such as paper and wood; Temperatures above 30°C.

Materials to avoid Oxidizing agents; Strong reducing agents; Combustible materials; Heavy metals.

Hazardous Decomposition Products Oxygen which supports combustion.

Hazardous polymerization
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Hazardous polymerization does not occur.
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11. TOXICOLOGICAL INFORMATION

Acute Effects 
Eye irritation Severely irritating, corrosive (rabbit)
Skin irritation Severely irritating, corrosive (rabbit)

LD50 Oral  LD50 Rat =  50  -500 mg/kg/bw (35% Peracetic acid)
LD50 rat = 1026-1780 mg/kg/bw (15% Peracetic acid)
LD50 rat = 185-3622 mg/kg/bw (2.6-6.11% Peracetic acid)

LD50 Dermal  LD50 Rat =  1957  mg/kg/bw (15% Peracetic acid)
LD50 rat = 1147 mg/kg/bw (5% Peracetic acid)
LD50 rat = >2000 mg/kg/bw (Peracetic acid 0.15%-0.89%)

LC50 Inhalation  LC50 (4-hr) Rat =  76-189 mg/m3 (15% Peracetic acid)
LC50 (4-h) rat = 204 mg/m3 (5% Peracetic acid)

Sensitization Did not cause sensitization on laboratory animals

Chronic toxicity 

Chronic toxicity Repeated inhalation of the mist may cause inflammation of the upper respiratory tract, chronic
bronchitis and etching of the dental enamel.

Carcinogenicity Did not show carcinogenic effects in animal experiments Topical applications do not produce skin
tumors Not recognized as carcinogenic by Research Agencies (IARC, NTP, OSHA, ACGIH)

Chemical name ACGIH IARC NTP OSHA
Hydrogen Peroxide A3 Group 3

Sulfuric Acid A2 Group 1 X
Legend:

IARC (International Agency for Research on Cancer)
Group 1 - Carcinogenic to Humans
OSHA (Occupational Safety and Health Administration of the US Department of Labor)
X - Present
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14. TRANSPORT INFORMATION

DOT 
UN/ID no UN3109
Proper Shipping Name ORGANIC PEROXIDE TYPE F, LIQUID (<=17% Peracetic Acid with <=26% Hydrogen Peroxide)

12. ECOLOGICAL INFORMATION

Ecotoxicity 

Peracetic Acid (79-21-0)
Active Ingredient(s) Duration Species Value Units
Peracetic Acid 15% 96 h LC50 Oncorhynchus mykiss

(rainbow trout)
0.53 mg/L

Peracetic Acid 5% 96 h LC50 Bluegill sunfish 1.1 mg/L
Peracetic Acid 33 d NOEC Brachydanio rerio 0.00225 mg/L
Peracetic Acid 5% 96 h LC50 Oncorhynchus mykiss

(rainbow trout)
1.6 mg/L

Peracetic Acid 5% 48 h EC50 Daphnia magna 0.73 mg/L
Peracetic Acid 12.5% 48 h EC50 Mytilus sdulis 0.27 mg/L
Peracetic Acid 15% 21 d NOEC Daphnia magna 0.05 mg/L
Peracetic Acid 5% 72 h EC50 Selenastrum

capricornutum
0.16 mg/L

Peracetic Acid 5% 120 h EC50 Selenastrum
capricornutum

0.18 mg/L

Peracetic Acid 5% 72 h NOEC Selenastrum
capricornutum

0.061 mg/L

Peracetic Acid 3 h EC50 Respiration inhibition
test (OECD 209)

5.1 mg/L

Persistence and degradability Peracetic acid is completely miscible with water.  Aqueous solutions of peracetic acid hydrolyze to
acetic acid and hydrogen peroxide. Product is biodegradable

Bioaccumulation Based on its low octanol-water partition coefficient and its rapid degradation in the environment, this
product is not bioaccumuable.

Mobility Peracetic acid released in the environment will partition almost exclusively (>99%) to the water
compartment.  Only a minor part (<1%) will remain in the atmosphere, where it is expected to
undergo rapid decomposition with a half life of 22 minutes.  The fate of peracetic acid in the
environment is mainly determined by its degradation.

Other Adverse Effects None known

13. DISPOSAL CONSIDERATIONS

Waste disposal methods This material, as supplied, is a hazardous waste according to federal regulations (40 CFR 261). It
must undergo special treatment, e.g. at suitable disposal site, to comply with local regulations.
Dispose of contents/container in accordance with local regulation.

RCRA D Waste Code D001 (ignitable). D002 (corrosive).

Contaminated Packaging Non-returnable containers that held this material should be cleaned by triple-rinsing prior to recycle
or disposal. Empty containers should be taken to an approved waste handling site for recycling or
disposal.

US EPA Waste Number
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Hazard class 5.2
Subsidiary class 8
Packing Group II

TDG 
UN/ID no UN3109
Proper Shipping Name ORGANIC PEROXIDE TYPE F, LIQUID (<=17% Peracetic Acid with <=26% Hydrogen

Peroxide)
Hazard class 5.2
Subsidiary class 8
Packing Group II
Description UN3109, Organic Peroxide Type F, Liquid (<=17% Peracetic Acid with <=26% Hydrogen

Peroxide), 5.2 (8), PG II

ICAO/IATA 
UN/ID no UN3109
Proper Shipping Name ORGANIC PEROXIDE TYPE F, LIQUID (<=17% Peracetic Acid with <=26% Hydrogen

Peroxide)
Hazard class 5.2
Subsidiary Hazard Class 8
Packing Group II
Special Provisions Venting of packages is not permitted for air transport.
Description UN3109, Organic Peroxide Type F, Liquid (<=17% Peracetic Acid with <=26% Hydrogen

Peroxide), 5.2 (8), PG II

IMDG/IMO 
UN/ID no UN3109
Proper Shipping Name ORGANIC PEROXIDE TYPE F, LIQUID (<=17% Peracetic Acid with <=26% Hydrogen

Peroxide)
Hazard class 5.2
Subsidiary Hazard Class 8
Packing Group II
Description UN3109, Organic Peroxide Type F, Liquid (<=17% Peracetic Acid with <=26% Hydrogen

Peroxide), 5.2 (8), PG II

15. REGULATORY INFORMATION

International Inventories 
TSCA (United States) Complies
DSL (Canada) Complies
NDSL (Canada) Complies
EINECS/ELINCS (Europe) Complies
ENCS (Japan) Complies
China (IECSC) Complies
KECL (Korea) Complies
PICCS (Philippines) Complies
AICS (Australia) Complies
NZIoC (New Zealand) Complies

U.S. Federal Regulations 
SARA 313
Section 313 of Title III of the Superfund Amendments and Reauthorization Act of 1986 (SARA).  This product does not contain any chemicals
which are subject to the reporting requirements of the Act and Title 40 of the Code of Federal Regulations, Part 372

SARA 311/312 Hazard Categories
Acute health hazard Yes
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Fire hazard Yes
Sudden release of pressure hazard No
Reactive Hazard Yes

CERCLA

Chemical name Hazardous Substances RQs Extremely Hazardous Substances RQs
Hydrogen Peroxide 1000 lb

Acetic Acid 5000 lb

Peracetic Acid 500 lb

Sulfuric Acid 1000 lb 1000 lb

International Regulations 
Mexico - Grade Serious risk, Grade 3

Chemical name Carcinogen Status Mexico
Hydrogen Peroxide A3 Mexico: TWA 1 ppm

Mexico: TWA 1.5 mg/m3

Mexico: STEL 2 ppm
Mexico: STEL 3 mg/m3

Acetic Acid Mexico: TWA 10 ppm
Mexico: TWA 25 mg/m3

Mexico: STEL 15 ppm
Mexico: STEL 37 mg/m3

Sulfuric Acid A2 Mexico: TWA 1 mg/m3

CANADA
This product has been classified in accordance with the hazard criteria of the Controlled Products Regulations (CPR) and the MSDS
contains all the information required by the CPR
WHMIS Hazard Class
B3 - Combustible liquid
C - Oxidizing materials
E - Corrosive material
D2B - Toxic materials
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16. OTHER INFORMATION

NFPA/HMIS Ratings Legend
Severe = 4; Serious = 3; Moderate = 2; Slight = 1; Minimal = 0

Protection=H (Safety goggles, gloves, apron, the use of supplied air or SCBA respirator is required in lieu of a vapor cartidge respirator)

Revision date: 2013-02-11
Reason for revision: Initial Release.

Disclaimer
PeroxyChem believes that the information and recommendations contained herein (including data and statements) are accurate as of the date hereof.
NO WARRANTY OF FITNESS FOR ANY PARTICULAR PURPOSE, WARRANTY OF MERCHANTABILITY OR ANY OTHER WARRANTY,
EXPRESSED OR IMPLIED, IS MADE CONCERNING THE INFORMATION PROVIDED HEREIN. The information provided herein relates only to
the specified product designated and may not be applicable where such product is used in combination with any other materials or in any process.
Further, since the conditions and methods of use are beyond the control of PeroxyChem, PeroxyChem expressly disclaims any and all liability as to any
results obtained or arising from any use of the products or reliance on such information.

Prepared By:
PeroxyChem

© 2014 PeroxyChem.  All Rights Reserved.

End of Safety Data Sheet

HMIS Health Hazards  3 Flammability  1
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PAA Cost Sheet

Peak Contact Time  = 31 minutes

Peak Hour Flow MGD 170

Avg Flow MGD 90

Influent E. coli - Peak MPN/100 mL 1,600,000                   

Target E. coli - Peak MPN/100 mL 244                              

Influent E. coli - Average MPN/100 mL 518,730                       

Target E. coli MPN/100 mL 63                                 

LI Peak -- 3.8                           
LI Average 3.9                           
Contact Time at Peak Flow min 31

Peak Dose mg/L 7.7                           
Peak Residual mg/L 1.3                           
Avg Contact Time min 59                            
Avg Dose mg/L 7.3                           
Avg Residual mg/L 0.4                           
Tank Size cf 489,235                       

Tank Cost $ 9,591,263$              
Present Value PAA Annual Cost $ 141,000,000               

PAA Storage and Feed $ 4,373,436$                 

SBS Storage and Feed $ 1,441,034$                 

Present Value SBS Annual Cost $ -$                             

Total Capital Cost $ 15,405,733$               

Total Annual Cost $ 141,000,000            
Lifecycle Costs 156,405,733$       

EPA-HQ-2019-004783   001955

GOLDMANJE
Snapshot

GOLDMANJE
Rectangle

GOLDMANJE
Snapshot



PAA Cost Sheet

Peak Contact Time  = 16 minutes

Peak Hour Flow MGD 170

Avg Flow MGD 90

Influent E. coli - Peak MPN/100 mL 1,600,000                   

Target E. coli - Peak MPN/100 mL 244                              

Influent E. coli - Average MPN/100 mL 518,730                       

Target E. coli MPN/100 mL 63                                 

LI Peak -- 3.8                           
LI Average 3.9                           
Contact Time at Peak Flow min 16

Peak Dose mg/L 9.8                           
Peak Residual mg/L 3.4                           
Avg Contact Time min 30                            
Avg Dose mg/L 8.4                           
Avg Residual mg/L 1.6                           
Tank Size cf 252,509                       

Tank Cost $ 5,668,563$              
Present Value PAA Annual Cost $ 167,000,000               

PAA Storage and Feed $ 4,373,436$                 

SBS Storage and Feed $ 1,441,034$                 

Present Value SBS Annual Cost $ 87,300$                       

Total Capital Cost $ 11,483,033$               

Total Annual Cost $ 167,087,300            
Lifecycle Costs 178,570,333$       
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UV System Cost Sheet

20% UVT

Total Capital Costs

UV Equipment 

Costs

UV Construction 

Cost

26,200,000$                                                                  8,705,000$     17,500,000$          

Average treated flow (mgd) 90

Number of Lamps per MGD @ADF 10.7

Days per year of treatment 365

UV dose (mJ/cm2) as T1 19

     Number of lamps at average flow 960

     Power input per lamp (watts) 804 Per Trojan

Annual Electric Usage (kW-hr/yr) 6,710,000

Electricity cost ($/kW-hr) $0.076

510,000$                

     Guaranteed lamp life (hours) 15,000 From Trojan: Lamp warranty = 15,000 hours

     Lamp replacement cost $450 From Trojan: Lamp price = $450

     Guaranteed ballast life (years) 10 From Trojan: Lamp driver warranty = 10 years

     Ballast replacement cost $990 From Trojan: Lamp driver price = $990

250,000$                

48,000$                  

Lifecycle in years 20

Discount rate 4.13% P/A factor =

17.87

Annual Costs 810,000$                

14,000,000$          Present Value of Annual Costs

Annual Costs for Maxson WWTP Facility

Annual electricity costs for UV

Annual costs for lamp replacement

Annual costs for ballast replacement

Inflation rate 3.00%
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To:  Scott Morgan, City of Memphis 
  
From:  Kevin Nelson 
 
I. GENERAL 
 
The project consists of the design and preparation of drawings and specifications for 
improvements to the existing sludge lagoon No. 5.   The improvements at the lagoons 
include earthwork, excavation, berm, liner and floating HDPE covers for the lagoons 5A, 
5B, and 5C, and sludge piping, gas piping, stormwater dewatering pumps, yard lighting, 
paving, and fencing.  Modifications to the gas blowers and the gas flare will be designed 
by others. 
 
The T.E. Maxson WWTP is located in the southwest corner of the Memphis metropolitan 
area near the confluence of the Mississippi River and an oxbow tributary known as 
McKellar Lake.  The lagoon site is located approximately one mile east of the T.E. 
Maxson WWTP bordered on the west by the secondary sludge dewatering facilities and 
the land application area and on the east by Fuller State Park. 
 
II.  PROCESS DESIGN CRITERIA 
 
The following data, provided to Black & Veatch by City staff, was used to estimate the 
gas production within the lagoons.  The estimated gas produced in each lagoon under 
various operating scenarios is identified in Figure 1.     
 
Table 1:  Process Design Criteria 

Condition Current - 72 mgd ADF Future - 90 mgd ADF 

Process Configuration  PC+Biotower+High Rate AS PC+ High Rate AS 
Notes From Plant Data Includes Cargill 
Solids production, Average Day 
Flow (ADF)  loading (lbs/day) 

368,000 600,000 

Solids production, max month 
loading (lbs/day) 

742,000 670,000 

Dry tons produced/MGD ADF 
flow 

2.56 3.36 
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III.  LAGOON 5A, 5B, and 5C MODIFICATIONS 
 
The existing and proposed lagoon solids and gas systems are shown on the enclosed 
Figure 2 and Figure 3 and described in this section.  Existing Sludge Lagoon 5 will be 
subdivided into three lagoons designated 5A, 5B, and 5C (north to south).  The western 
sections of Sludge Lagoons 3 and 4 will remain unchanged with no modifications other 
than paved roadways.   
 
Lagoons 5A, 5B, and 5C will process a mixture of primary and secondary sludge pumped 
from Lagoon 1.  Normal operation will be for Lagoon 5A, 5B, and 5C to operate in series 
(5A to 5B to 5C).  However, piping and valving will allow for the lagoons to be operated 
in parallel or will allow any of the basins to be taken out of service.  If any Lagoon 5 cell 
is taken out of service, the remaining Lagoon 5 cells could then be operated in parallel.
 
All new plug valves will be furnished with Buna-N only facing material. 
 
The contractor will be responsible for removing, dewatering, and hauling the sludge in 
existing Lagoon 5 to a disposal area onsite.  The location for placing the sludge will be 
determined by the City.   The City will determine the volume and solids content prior to 
final issue of the bid documents.  The residual removal will be bid on a unit price basis, 
based on dry ton quantities.   
 
The soil underlying the existing lagoon will be excavated to the new lagoon bottom 
elevation.  This excavated material will be used to construct the new lagoon berms.  
Excess excavated material, that is not suitable for berm construction, will be disposed of 
on site at a location to be determined by the City.  The soil underlying the lagoon berms 
has been analyzed in accordance with the 2012 International Building Code seismic 
requirements.  This analysis indicated that the underlying soils are prone to liquefaction 
during a seismic event.  Liquefaction of the underlying soils could result in slope stability 
failures of the Lagoon 5 berms.  The City will request a variance from the 2012 IBC 
related to the potential liquefaction of the soil underlying the berms due to the extremely 
high cost to improve the ground below the large area covered by Lagoon 5.  The existing 
lagoons upstream of Lagoon 5 were not designed or constructed to 2012 IBC 
requirements.  If the upstream lagoons fail, digested sludge could not be conveyed to 
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Lagoon 5. 
 
Due to the depth of the lagoons (5A, 5B, and 5C) and the high groundwater in the area, it 
is anticipated that dewatering will be required during the excavation of the lagoons and 
during liner and cover installation.  The groundwater levels appear to be influenced to 
some extent by the elevation of the Mississippi River.  The excavation and installation of 
liners and covers should, as much as possible, take place during the period between June 
and December when Mississippi River water levels are typically at their lowest. 
 
A. LAGOON 5A 
 
If Lagoon 5A is taken out of service, the remaining lagoons could then be operated in 
parallel.  Lagoon 5A will have the following characteristics: 
 
Volume (gallons)       72,510,000 
Elevation of top of berm            228.5 
Elevation of bottom of lagoon             188 
Sludge surface maximum elevation          225.5 
Width of top of lagoon at berm (ft)             461 
Length of top of lagoon at berm (ft)            881 
Width of bottom of lagoon (ft)             217 
Length of bottom of lagoon (ft)             625 
Slope of inside berm (horizontal to vertical)        3:1 
Slope of outside berm (horizontal to vertical)   3:1 
 
A combination of primary and secondary sludge will be added to the east end of Lagoon 
5A by a new 24-inch pipeline from Pumping Station L1A/2B.  Sludge will normally flow 
from the east end of Lagoon 5A to the west end.  Sludge will then normally flow by 
gravity from the west end of Lagoon 5A into the west end of Lagoon 5B through one of 
two new 36-inch HDPE pipelines.  One pipeline will slope from near the bottom of 
Lagoon 5A to near the top of Lagoon 5B where a plug valve will be located.  The other 
will slope from near mid-depth to near the top of Lagoon 5B where a plug valve will be 
located.  The plug valves will be located at an elevation where the adjacent lagoons could 
be lowered to just below the valve for ease of maintenance.   
 
A ferrous chloride addition point (36-inch tee) will be installed on the 36-inch 
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connections between Lagoon 5A and 5B.  It is anticipated that the City will be pumping 
ferrous chloride from a future storage tank located along the lower road along the west 
side of Lagoon 5.  Roadways (other than the lower road west of Lagoon 5) do not have to 
be sized for large trucks delivering ferrous chloride. 
 
There will be a single influent pipe discharging at the center of the east side of the lagoon 
(near the top of the lagoon).  A single withdrawal pipeline will be located at the center of 
the west end of the lagoon (near the bottom of the lagoon).  From the withdrawal 
pipeline, the sludge will flow by gravity to either existing Lagoon 3 or existing Lagoon 4. 
 A new 36-inch HDPE pipeline will be required from Lagoon 5A to the existing 30-inch 
HDPE pipeline to existing Lagoon 3 and existing Lagoon 4.   
 
A new decant structure with downward acting stainless steel slide gate will be constructed 
in the northwest corner of Lagoon 5A.  The slide gate will allow for approximately a two 
foot variation in the overflow elevation (225.5 to 223.5).  A new 24-inch HDPE pipeline 
will connect from the decant structure to the existing decant ditch west of existing 
Lagoon 5.  The pipe should be set as high as possible and should be laid horizontally to 
the west side of the roadway where it will discharge onto a grouted riprap spillway and 
flow down to the existing ditch.  This ditch drains to the existing decant structure located 
west of the lagoon dewatering facility.  From there, the decant drains through an existing 
24-inch pipeline to the existing 96-inch plant influent interceptor located north of Lagoon 
1. 
 
Lagoon 5A will be equipped with a 60 mil HDPE bottom liner and a 100 mil HDPE 
floating cover.  The cover and liner will be anchored to a concrete ringwall supported on 
H piling.  Cover and liner material will be specified to have a 20 year warranty.  
Specifications will include an alternative for 3 year maintenance on the cover.   
The cover will be designed such that rainfall drains to a series of drainage sumps near the 
perimeter the lagoon.  Drainage weights (HDPE pipe filled with non-setting cementitious 
slurry) will be aligned to provide drainage paths to the sumps.  Drainage weights will be 
attached to the cover with HDPE straps and HDPE end pockts to help prevent movement 
of the weights.  Self-priming pumps in a heated enclosure (480 volt) will be located off of 
the cover.  The pumps will take suction from the drainage sumps and will pump the liquid 
under the cover.  The pumps will be sized to accommodate a 24 hour 25 year storm event 
that produces 7 inches of rain over a 72 hour period.  The sump pumps support slab will 
be located at the same elevation as the top of the ringwall to provide the maximum net 
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positive suction head.  Sampling ports constructed of 12-inch diameter HDPE pipe (with 
a flanged and gasketed cover) will be installed in the cover of the lagoon.  Three sample 
ports shall be provided on each lagoon, evenly spaced along the centerline of the lagoon.  
  
 
The lagoon will be provided with two walkways on the side slopes for access to the 
floating cover.  The walkways will be 4’-0” wide 40 mil textured HDPE roughened 
walkway strip from the ringwall to the toe of the slope to provide a toehold as personnel 
walk up and down the slope.  A rope tied at the top of the berm will be supplied at each 
walkway to help walking up the slope.  A walkway surface constructed of 40 mil textured 
HDPE material will be installed along the anticipated walkways to the sampling ports 
located on the flat portion of the cover. 
 
Gas generated in the Lagoon will be collected by perforated HDPE pipes located around 
the outside of the lagoon.  The perforated pipes will be located near the top portion of the 
berm between the liner and the cover.  The liner and cover will be bolted (with stainless 
steel bolts) to a cast-in-place concrete ringwall around the lagoon.  The ringwall will be 
supported on a pile system.  As gas is generated, it will flow between the cover and the 
liner to the perforated pipes.  The perforated pipes will be connected to a buried 16-inch 
HDPE pipe on the north side of Lagoon 5A and a buried 24-inch HDPE pipe on the south 
side of Lagoon 5A.  These pipes will be connected to a buried 24-inch HDPE pipe on the 
east end of the lagoon which will connect with the existing 24-inch HDPE pipe to the 
existing blower building located near the southeast corner of Lagoon 2C.  Gas generated 
in this lagoon will be pumped to the new or existing flare or transferred to TVA.  
Emergency vents with butterfly valves will be provided along the berm for venting of gas 
in case of failure of the gas extraction system (blower failure, power failure, blocked 
piping, etc). 
 
A new 8 foot high fence will be installed around Lagoons 5A, 5B and 5C.  The fence will 
be provided with double swing gates for vehicle access.  Gates will be provided near the 
northwest corner of Lagoon 5A and the southwest corner of Lagoon 5C. 
 
A 25 foot wide roadway along the north, south, east and west sides of the lagoon will be 
constructed and paved with asphalt.  Stormwater drainage from the paved surface will be 
directed away from the lagoon covers as much as practical.  Asphalt surfacing will extend 
from the roadway to the concrete ringwall. 
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B. LAGOON 5B 
 
Lagoon 5B will normally process a mixture of primary and secondary sludge which will 
flow by gravity from Lagoon 5A.  Normal operation will be for Lagoon 5A, 5B, and 5C 
to operate in series (5A to 5B to 5C).  However, piping and valving will allow for the 
lagoons to be operated in parallel or will allow any of the basins to be taken out of 
service.  If Lagoon 5B is taken out of service, the remaining lagoons could then be 
operated in parallel.  Valving will also allow for sludge to be pumped from Lagoon 1 to 
Lagoon 5B.  Lagoon 5B will have the following characteristics: 
 
Volume (gallons)        88,690,000 
Elevation of top of berm          228.0 
Elevation of bottom of lagoon         188 
Sludge surface maximum elevation     225.0 
Width of top of lagoon at berm (ft)             457 
Length of top of lagoon at berm (ft)          1,044 
Width of bottom of lagoon (ft)             213 
Length of bottom of lagoon (ft)             805 
Slope of berm (horizontal to vertical)         3:1 
Slope of outside berm (horizontal to vertical)   3:1 
 
 
A combination of primary and secondary sludge will normally flow by gravity from the 
west end of Lagoon 5A into the west end of Lagoon 5B through two new 36-inch HDPE 
pipelines.  One pipeline will slope from near the bottom of Lagoon 5A to near the top of 
Lagoon 5B where a plug valve will be located.  The other will slope from mid-depth in 
Lagoon 5A to near the top of Lagoon 5B where a plug valve will be located.  The plug 
valves will be located at an elevation where the adjacent lagoons could be lowered to just 
below the valve for ease of maintenance.  Sludge will flow by gravity from the west end 
of Lagoon 5B to the east end where it will flow by gravity to the east end of Lagoon 5C 
through two new 36-inch HDPE pipelines.  One pipeline will slope from near the bottom 
of Lagoon 5B to near the top of Lagoon 5C where a plug valve will be located.  The other 
will slope from near mid-depth of Lagoon 5B to near the top of Lagoon 5C where a plug 
valve will be located.  The plug valves will be located at an elevation where the adjacent 
lagoons could be lowered to just below the valve for ease of maintenance. 
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Ferrous chloride addition points (24-inch tee) will be installed on the 24-inch influent line 
to Lagoon 5B and on the 36-inch connections (36-inch tee) between Lagoon 5B and 5C.   
There will be a single influent pipe discharging at the center of the east side of the lagoon 
(near the top of the lagoon).  A single withdrawal pipeline will be located at the center of 
the west end of the lagoon (near the bottom of the lagoon).  From the withdrawal 
pipeline, the sludge will flow by gravity to either existing Lagoon 3 or existing Lagoon 4. 
A new 36-inch HDPE pipeline will be required from Lagoon 5B to Lagoon 5A which 
connects to the existing 30-inch HDPE pipeline to existing Lagoon 3 and Lagoon 4.   
 
A new decant structure with a downward acting stainless steel slide gate will be 
constructed in the northeast corner of Lagoon 5B.  The slide gate will allow for 
approximately a two foot variation in the overflow elevation (225.0 to 223.0).  A new 24-
inch HDPE pipeline will connect from the decant structure to the existing decant ditch 
west of existing Lagoon 5.  The pipe should be set as high as possible and should be laid 
horizontally to the west side of the roadway where it will discharge onto a grouted riprap 
spillway and flow down to the existing ditch.  This ditch drains to the existing decant 
structure located west of the secondary dewatering facility.  From there, the decant drains 
through an existing 24-inch pipeline to the existing 96-inch plant influent interceptor 
located north of Lagoon 1. 
 
Lagoon 5B will be equipped with a 60 mil HDPE bottom liner and a 100 mil HDPE 
floating cover.  The cover and liner will be anchored to a concrete ringwall supported on 
H piling.  Cover and liner material will be specified to have a 20 year warranty.  
Specifications will include an alternative for 3 year maintenance on the cover.   
The cover will be designed such that rainfall drains to a series of drainage sumps near the 
perimeter the lagoon.  Drainage weights (HDPE pipe filled with non-setting cementitious 
slurry) will be aligned to provide drainage paths to the sumps.  Drainage weights will be 
attached to the cover with HDPE straps to help prevent movement of the weights.  Self-
priming pumps in a heated enclosure (480 volt) will be located off of the cover.  The 
pumps will take suction from the drainage sumps and will pump the liquid under the 
cover.  The pumps will be sized to accommodate a 24 hour 25 year storm event that 
produces 7 inches of rain over a 72 hour period.  The sump pumps support slab will be 
located at the same elevation as the top of the ringwall to provide the maximum net 
positive suction head.  Sampling ports constructed of 12-inch diameter HDPE pipe (with 
a flanged and gasketed cover) will be installed in the cover of the lagoon.  Three sample 
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ports shall be provided on each lagoon, evenly spaced along the centerline of the lagoon.  
   
The lagoon will be provided with two walkways on the side slopes for access to the 
floating cover.  The walkways will be 4’-0” wide 40 mil textured HDPE roughened 
walkway strip from the ringwall to the toe of the slope to provide a toehold as personnel 
walk up and down the slope.  A rope tied at the top of the berm will be supplied at each 
walkway to help walking up the slope.  A walkway surface constructed of 40 mil textured 
HDPE material will be installed along the anticipated walkways to the sampling ports 
located on the flat portion of the cover. 
 
Gas generated in the Lagoon will be collected by perforated HDPE pipes located around 
the outside of the lagoon.  The perforated pipes will be located near the top portion of the 
berm between the liner and the cover.  The liner and cover will be bolted (with stainless 
steel bolts) to a cast-in-place concrete ringwall around the lagoon.  The ringwall will be 
supported on piles.  As gas is generated, it will flow between the cover and the liner to the 
perforated pipes.  The perforated pipes will be connected to buried 24-inch HDPE pipes 
on the north and south sides of Lagoon 5B.  These pipes will be connected to a buried 24-
inch HDPE pipe on the east end of the lagoon which will connect with the existing 24-
inch HDPE pipe at Lagoon 5A which connects to the existing blower building located 
near the southeast corner of Lagoon 2C.  Gas generated in this lagoon will be pumped to 
the new or existing flare or transferred to TVA.  Emergency vents with butterfly valves 
will be provided along the berm for venting of gas in case of failure of the gas extraction 
system (blower failure, power failure, blocked piping, etc). 
 
A 25 foot wide roadway along the north, south, east and west sides of the lagoon will be 
constructed and paved with asphalt.  Stormwater drainage from the paved surface will be 
directed away from the lagoon covers as much as is practical.  Asphalt surfacing will 
extend from the roadway to the concrete ringwall. 
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C. LAGOON 5C 
 
Lagoon 5C will normally process a mixture of primary and secondary sludge which will 
flow by gravity from Lagoon 5B.  Normal operation will be for Lagoon 5A, 5B, and 5C to 
operate in series (5A to 5B to 5C).  However, piping and valving will allow for the 
lagoons to be operated in parallel or will allow any of the basins to be taken out of 
service.  If Lagoon 5C is taken out of service, the remaining lagoons could then be 
operated in parallel.  Valving will also allow for sludge to be pumped from Lagoon 1 to 
Lagoon 5C.  Lagoon 5C will have the following characteristics: 
 
Volume (gallons)       89,100,000 
Elevation of top of berm      227.5 
Elevation of bottom of lagoon     188 
Sludge surface maximum elevation    224.5 
Width of top of lagoon at berm (ft)     461 
Length of top of lagoon at berm (ft)        1,044 
Width of bottom of lagoon (ft)           218 
Length of bottom of lagoon (ft)            810 
Slope of berm (horizontal to vertical)        3:1 
Slope of outside berm (horizontal to vertical)  3:1 
 
A combination of primary and secondary sludge will normally flow by gravity from the 
east end of Lagoon 5B into the east end of Lagoon 5C through two new 36-inch HDPE 
pipelines.  One pipeline will slope from near the bottom of Lagoon 5B to near the top of 
Lagoon 5C where a plug valve will be located.  The other will slope from mid-depth in 
Lagoon 5B to near the top of Lagoon 5C where a plug valve will be located.  The plug 
valves will be located at an elevation where the adjacent lagoons could be lowered to just 
below the valve for ease of maintenance.  Sludge will flow by gravity from the east end of 
Lagoon 5C to the west end. 
 
A ferrous chloride addition point (24-inch tee) will be installed on the 24-inch influent 
line to Lagoon 5C.   
 
There will be a single influent pipe discharging at the center of the east side of the lagoon 
(near the top of the lagoon).  A single withdrawal pipeline will be located at the center of 
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the west end of the lagoon (near the bottom of the lagoon).  From the withdrawal 
pipeline, the sludge will flow by gravity to either existing Lagoon 3 or existing Lagoon 4. 
A new 36-inch HDPE pipeline will be required from Lagoon 5C to the 36-inch line at 
Lagoon 5B and connected to the existing 30-inch HDPE sludge pipeline to existing 
Lagoon 3 and existing Lagoon 4.    
 
A new decant structure with a downward acting stainless steel slide gate will be 
constructed in the northwest corner of Lagoon 5C.  The slide gate will allow for 
approximately a two foot variation in the overflow elevation (224.5 to 222.5).  A new 24-
inch HDPE pipeline will connect from the decant structure to the existing decant ditch 
west of existing Lagoon 5.  The pipe should be set as high as possible and should be laid 
horizontally to the west side of the roadway where it will discharge onto a grouted riprap 
spillway and flow down to the existing ditch.  This ditch drains to the existing decant 
structure located west of the lagoon dewatering facility.  From there, the decant drains 
through an existing 24-inch pipeline to the existing 96-inch plant influent interceptor 
located north of Lagoon 1. 
 
Lagoon 5C will be equipped with a 60 mil HDPE bottom liner and a 100 mil HDPE 
floating cover.  The cover and liner will be anchored to a concrete ringwall supported on 
H piling.  Cover and liner material will be specified to have a 20 year warranty.  
Specifications will include an alternative for 3 year maintenance on the cover 
The cover will be designed such that rainfall drains to a series of drainage sumps near the 
perimeter the lagoon.  Drainage weights (HDPE pipe filled with non-setting cementitious 
slurry) will be aligned so that the center of the cover is depressed in relation to the 
outside.  Drainage weights (HDPE pipe filled with non-setting cementitious slurry) will 
be aligned to provide drainage paths to the sumps.  Self-priming pumps in a heated 
enclosure (480 volt) will be located off of the cover.  The pumps will take suction from 
the drainage sumps and will pump the liquid under the cover.  The pumps will be sized to 
accommodate a 24 hour 25 year storm event that produces 7 inches of rain over a 72 hour 
period.  The sump pumps support slab will be located at the same elevation as the top of 
the ringwall to provide the maximum net positive suction head.  Sampling ports 
constructed of 12-inch diameter HDPE pipe (with a flanged and gasketed cover) will be 
installed in the cover of the lagoon.  Three sample ports shall be provided on each lagoon, 
evenly spaced along the centerline of the lagoon.    
 
The lagoon will be provided with two walkways on the side slopes for access to the 
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floating cover.  The walkways will be 4’-0” wide 40 mil textured HDPE roughened 
walkway strip from the ringwall to the toe of the slope to provide a toehold as personnel 
walk up and down the slope.  A rope tied at the top of the berm will be supplied at each 
walkway to help walking up the slope.  A walkway surface constructed of 40 mil textured 
HDPE material will be installed along the anticipated walkways to the sampling ports 
located on the flat portion of the cover. 
 
Gas generated in the Lagoon will be collected by perforated HDPE pipes located around 
the outside of the lagoon.  The perforated pipes will be located near the top portion of the 
berm between the liner and the cover.  The liner and cover will be bolted (with stainless 
steel bolts) to a cast-in-place concrete ringwall around the lagoon.  The ringwall will be 
supported on piles.  As gas is generated, it will flow between the cover and the liner to the 
perforated pipes.  The perforated pipes will be connected to a buried 24-inch HDPE pipe 
on the north side of Lagoon 5C and a buried 16-inch HDPE pipe on the south side of 
Lagoon 5C.  These pipes will be connected to a buried 24-inch HDPE pipe on the east 
end of the lagoon which will connect with the existing 24-inch HDPE pipe at Lagoon 5B 
which connects to the existing blower building located near the southeast corner of 
Lagoon 2C.  Gas generated in this lagoon will be pumped to the new or existing flare or 
transferred to TVA.  Emergency vents with butterfly valves will be provided along the 
berm for venting of gas in case of failure of the gas extraction system (blower failure, 
power failure, blocked piping, etc). 
 
A 25 foot wide roadway along the north, south, east, and west sides of the lagoon will be 
constructed and paved with asphalt.  Stormwater drainage from the paved surface will be 
directed away from the lagoon covers as much as is practical.  Pavement will extend from 
the roadway to the concrete ringwall. 
 
D. MISCELLANEOUS LAGOON DESIGN REQUIREMENTS 
 
Subcontractors that will perform the liner and cover installation will be prequalified.   
 
All buried piping will be provided with City of Memphis bedding. 
 
All pipes penetrating the lagoon berms will be provided with cleanout ports on the 
outside of the berms.  All influent and effluent piping inside of the lagoons will be 
securely tied down to prevent floatation. 
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E. LAGOON VOLUME SUMMARY AND HYDRAULICS 
 
Lagoon volumes are controlled by the amount of surface area available, the height of the 
berms, depth of excavation, slope of berms, and existing surface elevations.  The volumes 
and hydraulic elevations given in this section are preliminary based on approximate data 
available at the time of the preparation of the design memorandum.   
 
Lagoon     Storage Volume (gallons) 
 
1 (Existing*)     78,000,000 
2A (Maximum)       7,000,000 
2B (Maximum)     13,300,000 
2C (Maximum)     46,000,000 
3 (Existing*)     23,842,000 
4 (Existing*)     22,220,000 
5A       72,510,000 
5B       88,690,000 
5C       89,100,000 
Total                  440,662,000 
 
*  Volumes of existing lagoons furnished by City staff. 
 
IV.  LAGOONS 3 AND 4 

 
Sludge will normally flow from Lagoon 5C through a 36-inch pipeline to either existing 
Lagoon 3 or existing Lagoon 4 through the existing 30-inch pipeline.  Lagoons 5A and 
5B will be connected to the same 36-inch line from Lagoon 5C to the Lagoons 3 and 4 
connection.    
 
A 12-foot wide roadway along west side of the Lagoons 3 and 4 and the south side of 
Lagoon 4 will be constructed and paved with asphalt.  The roadway width may be 
reduced to 10 feet as required to avoid existing control panels. Stormwater drainage from 
the paved surface will be directed offsite. 
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V.   GAS COLLECTION AND DISPOSAL 

 
Gas will be collected and conveyed from Lagoons 5A, 5B, and 5C as described in Section 
III and illustrated in Figure 3.   
 
The existing gas conveyance piping to Blower Building No. 1 is not adequately sized to 
convey the gas generated during summer high loading conditions in Lagoons 1, 2A, and 
2B.  This has resulted in manually venting gas from Lagoon 2B on several occasions.  A 
parallel 12 inch to 16 inch HDPE gas conveyance header will be installed north of 
Lagoon 1 to Blower Building No. 1 to provide additional conveyance capacity. 
 
It is anticipated that up to 4,000 SCFM of the gas generated at the lagoons will be utilized 
by TVA.  Modifications to the existing blower equipment, modifications to the existing 
flare or the addition of a new flare, gas treatment equipment, and the gas connection to 
the TVA facility will be designed by others.   
 
VI.  DRAINAGE IMPROVEMENTS 

 
The 24-inch corrugated metal pipe culvert beneath the access road along the west side of 
the 110 acre site will be replaced with a new 24-inch reinforced concrete culvert pipe at 
the same invert elevation. 
 
VII.  ELECTRICAL/CONTROLS 

 
Three phase power will be distributed to the new cover dewatering pumping stations and 
new condensate pumps throughout the Lagoon 5 complex. Power will be obtained from a 
100 amp breaker in the existing 480V MCC located in the electrical room of Blower 
Building No. 2.   
 
Two receptacle stations for use with portable sump pumps (250V and 120V) will be 
provided on each of the east-west berms for a total of eight stations.  Each station will 
consist of a tap box, single phase 480V-120/240V transformer, GFI breakers, 250 Volt 
outdoor receptacle, and 120 volt weatherproof convenience receptacle. 
    
Controls for the cover dewatering pumping systems will be provided by the pump 
manufacturer and will be similar to the existing cover on Lagoon 1 (automatic float type 
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controls at each pump with overload/timing protection).  Controls for the condensate 
pumps will be provided by the pump manufacturer.   
 
One temperature probe/temperature transmitter with local readout will be provided for 
each lagoon cell. The temperature probes shall be located near the center of each lagoon. 
The signals from the transmitters will be routed to PLC 5 in Blower Building No. 2. 
 
Site lighting shall be provided around the perimeter of each lagoon. 
 
VIII.  PERMITS AND REVIEWS 

 
The following permits will be required for the lagoon improvements: 
 
Tennessee Department of Environment & Conservation Construction Permit 
Tennessee Department of Environment & Conservation Stormwater Permit 
  
 
IX.  BUILDING CODES 

 
The following building codes are to be followed on this project: 
 
2012 International Building Code with Local Amendments  
2008 National Electrical Code with Local Amendments 
2009 International Mechanical Code with Local Amendments 
2009 International Gas Code with Local Amendments 
2009 International Plumbing Code with Local Amendments 
2009 International Energy Conservation Code with Local Amendments 
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Figure 1:  Estimated Gas Production 
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Section 1  
Introduction 

The T.E. Maxson Wastewater Treatment Plant (Maxson WWTP) is located in the southwestern portion of 

Memphis, Tennessee at 2685 Steam Plant Road.  The facility, over the last five years, has treated 

approximately 72 million gallons per day (MGD), but is now treating an average of just under 70 MGD 

due to the closing of the Cargill wet corn milling facility.  The Maxson WWTP has served the City of 

Memphis (City) since its commissioning in 1975.   

Figure 1-1 shows an aerial photo of the site. Maxson WWTP discharges, either by gravity or by 

pumping, to a cooling channel that ultimately discharges into the Mississippi River. The site is bounded 

by a levee to the west and north and the 100-year flood elevation is 224.5.  

With upgrades over the years, the current liquid treatment process consists of coarse bar screens, grit 

removal, recently installed fine bar screens, primary clarification, high-rate biotowers, activated sludge 

and secondary clarification.  Biosolids treatment consists of anaerobic digestion and dewatering. Figure 

1-2 presents the process flow diagram of the existing facility.  

1.1 2013 Process Recommendations 
In 2012, the City began negotiating a new NPDES permit for the Maxson WWTP.  As part of this process, 

the state of Tennessee required the City to implement disinfection at the Maxson WWTP.  The City 

retained CDM Smith to evaluate available disinfection technologies for implementation at the facility.  

This work was on-going through 2013 including bench-testing and piloting, ultimately identifying two 

possible technologies for implementation at Maxson WWTP--UV and peracetic acid (PAA) disinfection.   

As part of the disinfection study, it was also determined that the Maxson WWTP was over its current 

biological treatment capacity and that caused concerns with water quality directly impacting what 

disinfection technology could be implemented.  This prompted the City to evaluate the existing plant to 

determine what would be required to meet the original design flow of 90 MGD at the current 

wastewater concentration.   

In November 2013, a technical memorandum was provided to the City that gave recommendations 

regarding the expansion of the treatment process.  This memorandum included conceptual 20-year 

lifecycle cost estimates for each alternative. Two alternatives were of similar lifecycle cost.  These were: 

• Alternative 1 – Conventional Aeration Expansion. 

• Alternative 2 – Upgrade of Existing Biotowers and Intermediate Clarifiers. 

Alternative 1 consisted of removing the existing biotowers (trickling filters) from the treatment process 

and increasing biological capacity through the addition of aeration basins (with associated blowers and 

diffusers) and secondary clarifiers (if necessary).   Anaerobic selectors were proposed for uptake of 

readily biodegradable substrate prior to the aeration process. 

Alternative 2 included upgrading the existing biotowers, adding odor control for the biotowers, reducing 

the biotower depth from 21 to 18 feet to accommodate room in the existing hydraulic grade line (by 
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raising the bottom of the biotowers)  and constructing new intermediate clarifiers downstream of the 

biotowers, but prior to the intermediate pump station.   

Discussions with the City in 2013 indicated that Alternative 1 from the 2013 report was favorable due to 

similar capital costs while mitigating the biotower odors.   

1.2 Scope of the Conceptual Design Report  
In November 2015, CDM Smith was retained by the City of Memphis to design and construct the process 

and disinfection improvements as outlined in the 2013 reports.  During the contract negotiation, the 

Alternative 1 scope with UV disinfection was revisited to develop a target construction cost for the 

proposed improvements.   A Class 4 construction cost estimate, defined by the Association for the 

Advancement of Cost Engineering (AACE) as an estimate at 1% to 15% of project definition, was 

provided for the proposed improvements at 90 MGD, 82 MGD and 74 MGD.  The City reviewed the three 

construction cost estimates and set the target construction price based on providing 82 MGD of 

biological treatment capacity, with provisions for expansion to 90 MGD in the future.    

During the project kickoff meeting the recommendations from the 2013 Report were revisited and the 

team selected to revisit Alternative 2 from the 2013 report. The project team (including CDM Smith and 

City of Memphis staff) felt there was potential value in continuing to use the biotowers as opposed to 

abandoning them in place. 

During CDM Smith’s evaluation, it was determined that it was not feasible to include the intermediate 

clarifiers in the available hydraulic capacity of the plant and thus, Alternative 2 was removed from the 

evaluation and is not evaluated further in this report.  (See Appendix C and Section 6 for further 

information.) 

Therefore, a new alternative, Alternative 3, was selected for evaluation that included rehabilitating and 

reusing the existing Biotowers.  Alternative 3 includes replacing and upgrading the biotower media, 

adding odor control to the biotowers, adding two new secondary clarifiers, and a new RAS reaeration 

tank upstream of the aeration basins for 90 MGD of biological treatment capacity.   This configuration is 

referred to as Alternative 3 in this CDR. 

Subsequent to the Process Recommendations, CDM Smith also updated the PAA pilot and obtained 

additional water quality data to support a final disinfection recommendation for use at the Maxson 

WWTP.  This testing was conducted from June through September of 2015 evaluating both UV and PAA 

disinfection technologies. 

1.3 Conceptual Design Report Outline 
This Conceptual Design Report (CDR) is broken into sections as described below and provides 

recommendations regarding the final disinfection and process upgrades for implementation at the 

Maxson WWTP.  The general outline for the CDR is: 

- Executive Summary 

- Section 1 - Introduction 

� Existing Plant Information is included in Sections: 

- Section 2 - WWTP Water Quality Data Review and Basis of Design 
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- Section 3 - WWTP Electrical Evaluation  

- Section 4 - WWTP Existing Hydraulic Capacity Evaluation 

� Process Improvements related to disinfection, process upgrades, and miscellaneous other 

improvements: 

- Section 5 - Disinfection Improvements and Recommendations 

- Section 6 - Secondary Process Upgrade Recommendations 

- Section 7 - Miscellaneous Plant Improvements - Effluent Pump Station (EPS) Improvements, 

Existing Supervisory Control and Data Acquisition (SCADA) and Instrumentation and Controls 

(I&C) Improvements, Coarse Screen Improvements and Headworks Odor Control 

Improvements 

� Recommendations 

- Section 8 - Recommendations - Cost Opinion and Project Schedule  
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Section 2  

WWTP Water Quality Data Review and Basis of 

Design 

2.1 Introduction  
The Maxson WWTP has experienced an increase in waste strength which has prompted the City to 

evaluate the existing plant to determine what would be required to meet the original design flow of 90 

MGD.  In addition, the City is currently planning an upgrade to provide disinfection as the final 

treatment process to meet requirements in the current draft NPDES permit.  

This section of the report develops the basis of design for the raw influent and primary effluent for the 

secondary treatment process upgrades and the anticipated secondary effluent parameters for the 

disinfection upgrades being planned at the facility.  This section of the report is organized in the 

following manner: 

� Screening of existing data; 

� Analysis of historical influent and primary effluent data; 

� Projected design raw influent and primary effluent flows and loads for the secondary treatment 

process upgrades; 

� Analysis of primary and waste activated sludge data; 

� Analysis of the anaerobic lagoon supernatant data; and, 

� Projected secondary effluent concentrations for the disinfection upgrades. 

2.2 Existing Data Screening 
The City provided 69 months of data from January 2009 through September 2014 for the Maxson 

WWTP.  Sampling and monitoring data included facility flow, influent biochemical oxygen demand 

(BOD5), influent total suspended solids (TSS) and volatile suspended solids (VSS), influent pH and 

temperature, primary effluent BOD5, TSS and VSS values and final effluent BOD5 and TSS.  Operational 

data such as solids retention time (SRT), mixed liquor suspended solids (MLSS) concentration, return 

and waste activated sludge flows and concentrations were also provided but are not evaluated in this 

Section.  The subsequent subsections discuss typical issues when evaluating plant data including 

sidestream impacts, skewing of data, and outliers and discloses modifications to the data set to 

account for these issues.  

2.2.1 Sidestream Considerations 

The main source of mass loadings in the sidestream return to the plant is the subnatant from the 

dewatering process at the anaerobic lagoons.  The subnatant is returned upstream of the plant’s 

influent pump station and influent flow meter.  All major sidestream flows and concentrations are 

therefore captured in the flow measurement and sampling of the influent.  Subsequent references to 
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“Raw Influent” for the facility include both the influent flow and the sidestream return from the 

anaerobic lagoons.   

There are concerns that the sidestream return from the lagoons has caused in increase in measured 

“Raw Influent” BOD5.  From 1997 through 2004, the average “Raw Influent” BOD5 was approximately 

400,000 pounds per day.  Primary sludge started to be conveyed to the lagoons for stabilization.  The 

majority of the lagoons were also covered during this time period to capture methane.  The Maxson 

WWTP “Raw Influent” BOD5 increased approximately 15 to 20 percent from 2004 to 2008 from 

historical values, returned to pre-2004 loads from 2009-2011 (presumably due to decreased 

industrial loading due to economic downturn) and has since increased 10 to 12 percent per year up 

through 2014 which has increased the “Raw Influent” BOD5 to over 500,000 pounds per day.  Section 

1.09 discusses the analysis of this data further. 

2.2.2 Removal of Influent Total Suspended Solids Data from October to 
December 2010 

A force main break under a Tennessee Valley Authority (TVA) ash pond caused a significant amount of 

inert material to be discharged to the plant from October through December 2010.  The impacts of this 

force main break significantly skewed the plant influent TSS data.  In as much so, the influent TSS data 

for these three months has been removed from the statistical analyses of the historical data.  Primary 

effluent data over this period will continue to be analyzed as this period would suggest higher TSS 

loadings than typical and will help assist in correlating primary clarifier TSS removal performance in 

the future. 

2.2.3 Removal of Primary Clarifier Data Due to Units Out of Service 

Facility operating data was screened in attempts to determine when primary clarifier(s) were out of 

service.  This was done in an attempt to evaluate primary clarifier performance when all four units 

were in service.  In as much so, primary effluent data in September 2010, June through October 2012, 

and April through July 2013 were discarded because one (or all) of the primary clarifiers were out 

service. 

2.2.4 Removal of Volatile Suspended Solids Data 

Facility operating data was screened to determine days when the VSS concentrations were greater 

than TSS concentrations in the raw influent and primary effluent.  VSS data on those days were 

omitted from the data set. 

2.2.5 Outliers  

A normal distribution of data suggests that outliers would exist outside of two standard deviations of 

the average of the data set.  There were 2,058 data points for influent BOD5 concentration and 2,063 

data points for influent TSS concentration.  The raw influent data suggests that two standard 

deviations for the Maxson WWTP influent BOD5 concentrations would result in the removal of data 

below the 2nd and above the 98th percentile (or removal of 81 data points from the data set).  

Likewise, two standard deviations for influent TSS concentrations would result in removal of data 

below the 1st and above the 97th percentile (or removal of 68 data points from the data set).   

Review of the data set indicates one data point (a TSS concentration on January 9, 2009) should be 

considered an outlier since it was 600 percent higher than the average mass load and 300 percent 

higher than the 99th percentile mass load.  It is proposed that all remaining influent BOD5 and TSS 

EPA-HQ-2019-004783   002000



Section 2  •  WWTP Water Quality Data Review and Basis of Design 

 

 2-3 
PW.EXT.36694.111641.03.02.Conceptual Design Report.Section 2 - WWTP Water Quality Data Review and Basis of Design.docx 

data provided by the City (other than the TSS data from January 9, 2009 and those disclosed in 

subsections 2.2.2, 2.2.3 and 2.2.4) be included in the determination of the facility’s historical loadings. 

Influent flow data ranged from an average of 72 MGD to a 24-hour maximum day flow of 156 MGD.   

Review of the data suggests no reason to discard any influent flow measurements at the facility.  

2.3 Service Area Characteristics 
The Maxson WWTP historically had numerous industrial users that discharge into the service area 

that constitute approximately 60 percent of the total BOD5 load to the facility.  The two largest 

facilities, Solae LLC and Cargill Inc., are food facilities that process soy and corn, respectively.  The 

Cargill facility closed in January 2015 and BOD5 loads from Cargill have dropped 90 percent since 

then.  The average BOD5 and TSS mass loading from Cargill prior to January 2015 was 85,000 and 

20,000 pounds per day, respectively. Direction from the City indicated that the evaluation for future 

loadings for the Maxson WWTP should include the loadings from Cargill to provide flexibility to add 

another industrial user. 

Historically, these two entities have made up 29 percent and 16 percent, respectively, of the influent 

BOD5 load. Both facilities discharge wastes with BOD/TSS ratios varying from 2/1 to 4/1 indicating a 

high soluble BOD5 fraction in the waste stream.  Estimates from data indicate that approximately 50 

percent of the influent BOD5 is soluble.  Figure 2-1 shows the influent BOD5 mass load composition 

for the Maxson WWTP in 2013. 

The influent TSS composition was also analyzed and confirms that the industrial contributors are 

discharging a highly soluble BOD5 effluent to the Maxson WWTP.  The industrial contributors are 

discharging roughly 31 percent of the overall TSS mass load to the Maxson WWTP.  Figure 2-2 shows 

the influent TSS mass load composition for the Maxson WWTP in 2013.    

The variability of food processing schedules for the industrial users can cause a wide variation of mass 

loads which could impact day-to-day concentrations at the Maxson WWTP.  The characteristics of the 

service area, specifically of the larger industrial dischargers, needs to be considered when evaluating 

the raw influent data set for outliers. 

 
Figure 2-1 Maxson WWTP Influent BOD5 Load Distribution 
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Figure 2-2 Maxson WWTP Influent TSS Load Distribution 

 

2.4 Methodology of Analyzing Raw Influent Data 
A key step in data analysis is to develop mass loadings and mass loading peaking factors to account for 

changes in concentration during peak flow events.  The mass loading peaking factors are applied along 

with flow peaking factors to develop design concentrations for each constituent at each flow 

condition.  The procedure outlined below accounts for the dilution in concentration or increase in 

loading of some parameters during peak flow conditions that may occur during wet weather:  

� Calculate average day maximum month (ADMM), maximum day (MD) and peak hour (PH) flow 

peaking factors. 

� ADMM flow peaking factors were taken from the maximum of the 30-day moving average of the 

daily flows.  The MD flow peaking factor used the maximum day flow of the data set and divided 

by the average daily flow of the data set. PH flow peaking factors used the maximum peak hour 

flow of the data set and divided it by the average daily flow of the data set. 

� Determine average day (AD) mass loads. 

The daily mass loads for the influent parameters listed were calculated using the following equation: 

where:                                                          KCQT ××=  

 

T = mass load (lb/day) 

Q = Flow (MGD) 

C = Concentration (mg/L) 

K = Conversion constant, 8.34 
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� Determine 30-day moving averages for flows and mass loadings. 

� The 30-day moving averages were calculated from the daily flow and mass loading of each 

parameter.  

� Determine ADMM loading peaking factors. 

� The 95th percentile of the 30-day moving average mass load was divided by the average of the 

daily mass load to determine the ADMM peaking factor.  

� Determine MD loading peaking factors. 

The 95th percentile of daily mass load was divided by the average of the daily mass load to determine 

the MD peaking factor. 

2.5 Historical Raw Influent Characteristics 
2.5.1 Raw Influent Flow 

Figure 2-3 provides the daily average and 30-day moving average raw influent flows at the Maxson 

WWTP.  The daily average influent flow from January 2009 through September 2014 was 72 MGD 

with a daily maximum average flow of 156 MGD on June 29, 2014 which happened to be the 7th 

highest daily rainfall day in the City’s recorded history with almost 6-inches of rainfall that day.  Other 

high daily flow events were influenced by significant rainfall.  Most noticeable is the spike in the 30-

day moving average during May 2011 which corresponded to the historical Mississippi River flooding 

event where the river crested almost 14 feet above flood stage. 

 
Figure 2-3 Raw Influent Historical Flows 

 

Maximum instantaneous influent flow rates were also provided by the City.  Figure 2-4 shows the 

daily average flow and peak instantaneous flow for the data period.  A peak instantaneous flow of 170 

MGD was recorded on June 29, 2014 (which also corresponds to the maximum average daily flow).  

Evaluation of Figures 3 and 4 indicates that the incremental flow difference between maximum day 

and peak hour flows is not significant at the facility.  
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Figure 2-4 Raw Influent Historical Peak Flows 

 

Table 2-1 summarizes historical flow data for the Maxson WWTP.  Table 2-2 provides the historical 

flow peaking factors based on the criteria established in Section 1-3. 

Table 2-1 Historical Flow Data Summary  

Parameter Unit 
Historical Flows 

Daily 30-day moving average 

Average MGD 72.1 --- 

Minimum MGD 51.7 57.7 

90th percentile MGD 85.8 80.0 

92nd percentile MGD 89.7 80.9 

95th percentile MGD 98.7 82.6 

98th percentile MGD 121.0 87.5 

99th percentile MGD 137.2 111.3 

Maximum MGD 156.3 130.6 

Maximum, instantaneous MGD 170.0 --- 

 

Table 2-2 Historical Flow Peaking Factors  

Parameter 
Peaking Factors 

AD ADMM MD PH 

Flow 1.00 1.81 2.17 2.36 
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2.5.2 Raw Influent Mass Loads 

2.5.2.1 Raw Influent TSS and VSS 

The composition of the collection system indicates that only about one-third of the overall mass load 

to the Maxson WWTP is from industry.  However, TSS concentrations at this facility are still 

significantly higher than typical domestic wastewater treatment plants.  Figures 2-5 and 2-6 show the 

daily raw influent TSS and VSS concentrations over the data period.  The influence of the force main 

break in late 2010 under the TVA ash pond is evident with the higher than normal TSS values. 

 
Figure 2-5 Raw Influent Historical TSS Concentrations 

 

 
Figure 2-6 Raw Influent Historical VSS Concentrations 

 

Figures 2-7 and 2-8 show the daily raw influent TSS and VSS mass loadings and the 30-day moving 

average TSS mass load for the data set.  Historical mass loadings were generated using the 

methodology discussed in Section 1.3.  Again, the influence of the force main break in late 2010 under 

the TVA ash pond is evident with the higher than normal TSS values and while maintaining a rather 
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constant VSS mass loading in the influent. Historically, the average volatile content of the influent TSS 

is 82% after removal of the October through December 2010 event.    

 
Figure 2-7 Raw Influent Historical TSS Mass Loadings  

 

 
Figure 2-8 Raw Influent Historical VSS Mass Loadings  

 

Table 2-3 summarizes historical raw influent TSS loading for the Maxson WWTP.  Table 2-4 provides 

the historical raw influent TSS mass loading peaking factors based on the criteria established in 

Section 1-3.  It is important to note the TSS data for daily influent mass load and 30-day moving 

average mass loading from October through December 2010 was not included in the statistical 

analysis provided in Tables 1-3 and 1-4 due to the influent from the ash from the force main break.   
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Table 2-3 Historical Raw Influent TSS Mass Loading Summary  

Parameter Unit 
Historical TSS Mass Loading1 

Daily 30-day moving average 

Average lb/d 335,000 --- 

Minimum lb/d 83,000 222,000 

90th percentile lb/d 472,000 393,000 

92nd percentile lb/d 496,000 399,000 

95th percentile lb/d 532,000 418,000 

98th percentile lb/d 609,000 438,000 

99th percentile lb/d 659,000 457,000 

Maximum lb/d 1,002,000 485,000 
1 Excludes data set from October through December, 2010 due to influence of ash in influent flow. 

 

Table 2-4 Historical Raw Influent TSS Mass Loading Peaking Factors  

Parameter 
Mass Loading Peaking Factors1 

AD ADMM MD 

TSS Mass Loading 1.00 1.25 1.59 
1 Excludes data set from October through December, 2010 due to influence of ash in influent flow. 

 

2.5.2.2 Raw Influent BOD5 

The large amount of industry in the service area contributes 60 percent of the BOD5 load to the plant.  

BOD5 concentrations at this facility are significantly higher than typical domestic wastewater 

treatment plants.  Figure 2-9 shows the daily raw influent BOD5 concentrations over the data period. 

 
Figure 2-9 Raw Influent Historical BOD5 Concentrations 
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Historical BOD5 mass loadings were generated using the methodology discussed in Section 1.3.  

Figure 2-10 shows the daily raw influent BOD5 and 30-day moving average BOD5 mass load for the 

data set.  Table 2-5 summarizes historical raw influent BOD5 loading for the Maxson WWTP.  Table 2-

6 provides the historical raw influent BOD5 mass loading peaking factors based on the criteria 

established in Section 1-3. 

 
Figure 2-10 Raw Influent Historical BOD5 Mass Loadings  

 

Table 2-5 Historical Raw Influent BOD5 Mass Loading Summary  

Parameter Unit 
Historical BOD5 Mass Loadings 

Daily 30-day moving average 

Average lb/d 435,000 --- 

Minimum lb/d 93,000 272,000 

90th percentile lb/d 573,000 526,000 

92nd percentile lb/d 587,000 533,000 

95th percentile lb/d 624,000 550,000 

98th percentile lb/d 681,000 567,000 

99th percentile lb/d 742,000 574,000 

Maximum lb/d 1,081,000 587,000 

 

Table 2-6 Historical Raw Influent BOD5 Mass Loading Peaking Factors  

Parameter 
Mass Loading Peaking Factors 

AD ADMM MD 

BOD5 Mass Loading 1.00 1.26 1.43 
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2.5.3 Raw Influent Temperature  

Figure 2-11 provides the daily average and 30-day moving average raw influent temperatures at the 

Maxson WWTP.  Temperature is not as critical in the biological treatment process since nitrification is 

not required and heterotrophic bacteria grow quickly even during colder months.  That being said, 

soluble BOD5 removal is impacted by temperature and, given the short SRT of the facility, minimum 

one to two day temperature will be important as a design parameter.  Table 2-7 summarizes the 

historical temperature data. 

 
Figure 2-11 Raw Influent Historical Temperature 

 

 

Table 2-7 Historical Temperature Data Summary  

Parameter Unit 

Historical Temperature 

Daily 
2-day moving 

average 
7-day moving 

average 

30-day 
moving 
average 

Average deg C 24.1 --- --- --- 

Minimum deg C 11.5 14.1 15.6 17.4 

Maximum deg C 54.4 54.2 33.2 30.8 

 

2.5.4 Raw Influent pH 

Figure 2-12 provides the daily raw influent pH at the Maxson WWTP.  Just like temperature, pH is not 

as critical in the biological treatment process at this facility since nitrification is not required and 

heterotrophic bacteria are not as sensitive to pH values between 6 and 6.5 as the autotrophic bacteria.  

The low (less than 4.5) pH values through 2011 were a result of dumping of ferrous chloride upstream 

of the influent sampling point.  This has since ceased as shown by the data in 2012 and beyond.  Table 

2-8 summarizes the historical pH data. 
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Figure 2-12 Raw Influent Historical pH 

 

Table 2-8 Historical pH Data Summary  

Parameter Unit 
Historical pH 

Daily 30-day moving average 

Average --- 6.3 --- 

Minimum --- 0.7 5.0 

Maximum --- 9.5 7.8 

 

2.5.5 Summary of Raw Influent Data 

Table 2-9 provides a summary of the evaluation of the raw influent data. 

Table 2-9 Historical Raw Influent Peaking Factors, Flows, and Mass Loads  

Parameter 
Peaking Factors 

AD ADMM MD 

Flow 1.00 1.81 2.17 

BOD5 mass load 1.00 1.26 1.43 

TSS mass load 1.00 1.25 1.59 

Parameter Unit 
Historical Influent Flows and Mass Loads 

AD ADMM MD 

Flow MGD 72.1 130.6 156.3 

BOD5
 

mg/L 724 505 478 

lb/day 435,000 550,000 624,000 

TSS 
mg/L 557 384 408 

lb/day 335,000 418,000 532,000 
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2.6 Historical Primary Effluent Characteristics 
The Maxson WWTP utilizes four 180-foot diameter primary clarifiers for particulate BOD5 and TSS 

removal.  Historical primary effluent (PE) data was evaluated to determine historical performance of 

the primary clarifiers and identify possible trends in TSS and BOD5 removal and correlation of 

primary effluent VSS/TSS ratio. 

2.6.1 Primary Effluent TSS and VSS 

2.6.1.1 Historical Performance 

Figure 2-13 and Figure 2-14 show the historical primary effluent concentrations for TSS and VSS in 

the primary effluent, respectively.  Figure 2-15 and Figure 2-16 show the historical mass loads for 

TSS and VSS, respectively.  The gaps in the data set are from omission of primary effluent data from 

the evaluated data set that were taken during days when one or multiple units were out of service so 

that an evaluation could be made with all operating units in service.  Primary effluent data from 

October through December 2010 was utilized and included in the evaluation in an attempt to correlate 

clarifier performance at higher TSS loadings.   

 

 
Figure 2-13 Maxson WWTP PE Historical TSS Concentrations 
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Figure 2-14 Maxson WWTP PE Historical VSS Concentrations 

 

 

 
Figure 2-15 Primary Effluent Historical TSS Mass Loadings 
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Figure 2-16 Primary Effluent Historical VSS Mass Loadings 

 

Figure 2-17 shows the removal efficiencies of the primary clarifiers. Evaluation of the primary 

effluent data indicates, on average, that the units remove, between 60 to 65 percent of the raw influent 

TSS mass load.  This value is typical for well performing primary clarifiers operating at a typical 

hydraulic overflow rate.  The primary clarifiers at the Maxson WWTP averaged a hydraulic overflow 

rate of approximately 700 gallons per day per square foot for the data period.    

 
Figure 2-17 Primary Clarifier Historical TSS Removal Efficiency 
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River flooding event that month.  Decreased performance in April 2012 cannot be explained from 

evaluating the data. 

Volatile suspended solids content in the primary effluent was statistically analyzed to determine the 

variability in volatile content.  This parameter is important in process design as it will directly impact 

sludge production at the facility.  Figure 2-18 shows the rank and percentile analysis.  The analysis 

indicates that approximately half of the data falls between a VSS/TSS ratio of 80 to 90 percent.  The 

average and median of the data set is 83 and 86 percent, respectively.  It is proposed to utilize an 

average VSS content of 83 percent of the primary effluent TSS as part of the process design. 

 
Figure 2-18 Primary Effluent VSS/TSS Ratio Percentile Analysis 

 

Historical primary effluent TSS mass loadings were generated using the methodology discussed in 

Section 1.3.  Table 2-10 summarizes historical primary effluent TSS loading for the Maxson WWTP.  

Table 2-11 provides the historical primary effluent TSS mass loading peaking factors based on the 

criteria established in Section 1-3. 

Table 2-10 Historical Primary Effluent TSS Loading Summary  

Parameter Unit 
Historical TSS Mass Loadings1 

Daily 30-day moving average 

Average lb/d 123,000 --- 

Minimum lb/d 36,000 65,000 

90th percentile lb/d 180,000 163,000 

92nd percentile lb/d 194,000 165,000 

95th percentile lb/d 225,000 174,000 

98th percentile lb/d 291,000 193,000 

99th percentile lb/d 345,000 231,000 

Maximum lb/d 736,000 255,000 
1 Includes data set from October through December, 2010 that has ash in influent flow. 
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Table 2-11 Historical Primary Effluent TSS Mass Loading Peaking Factors  

Parameter 
Mass Loading Peaking Factors1 

AD ADMM MD 

TSS Mass Loading 1.00 1.41 1.83 
1 Includes data set from October through December, 2010 that has ash in influent flow. 

 

2.6.1.2 Performance Evaluation 

The primary effluent data was evaluated further in an attempt to correlate TSS removal to various 

parameters.  As Figure 2-17 indicated, there were periods where TSS removal was well below the 

average.  These trends are important as they will help understand variability in performance and will 

be used to predict future performance at increased flow and mass loads.  The variables evaluated 

included: 

� Influent flow rate 

� Raw influent TSS mass loading 

2.6.1.2.1 Influent Flow Rate 

TSS removal efficiency for all flows in the data set and for all flows greater than 90 MGD were 

generated.  Flows at 90 MGD and greater were evaluated to determine if correlations exist at flows at 

and beyond the plant’s current rated design capacity.  Best-fit regression trendlines have been 

superimposed on the data set to assist in the correlation of the data.  Figure 2-19 and Figure 2-20 

show the results.  Both plots show significant scatter and variation of removal efficiency at varying 

flow conditions.  It is not recommended that either of these correlations be used to predict primary 

clarifier TSS removal performance. 

 
Figure 2-19 Primary Clarifier TSS Removal Efficiency versus Influent Flow 
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Figure 2-20 Primary Clarifier TSS Removal Efficiency versus Influent Flows Equal to Or Greater  

Than 90 MGD 
 

2.6.1.2.2 Raw Influent TSS Mass Loading 

Raw influent TSS mass loading was evaluated in an attempt to correlate primary clarifier removal 

efficiency or predicted primary effluent TSS mass load to this parameter.  Use of raw influent TSS data 

from October through December 2010 was included in this evaluation to provide correlations at 

higher loading events.  Best-fit regression trendlines have been superimposed on the data set to assist 

in the correlation of the data.  Figures 2-21 through 2-24 show the results.  

Figure 2-21 shows a trend of increased TSS removal efficiency at higher influent TSS loadings for the 

entire data set.  While there may be a trend, it would not be prudent to project future influent TSS 

mass loadings (which will be higher than the historical data) to predict a higher removal efficiency.  

Therefore, the correlation in Figure 2-21 is not recommended to be used to project primary clarifier 

TSS removal performance.  

Conversely, Figure 2-22 shows a trend of decreased TSS removal when the data set is only evaluated 

at flows 90 MGD or greater.   The correlation of the data in Figure 2-22 is promising, however, the 

majority of the TSS mass loads in this plot are below the average raw influent TSS mass load from the 

historical data set (341,000 pounds per day).  Figure 2-22 appears to be showing decreased TSS 

removal efficiencies during wet weather events from the historical data.  Utilizing the trend of this 

data would suggest that the primary clarifier TSS removal efficiency at the average raw influent TSS 

value of 341,000 pounds per day would result in a removal efficiency of less than 30 percent.  

Historical data indicates that the removal efficiency is roughly double this.  In as much so, it is not 

recommended to utilize this correlation to project primary clarifier TSS removal performance. 

Figures 2-23 and 2-24 plot the historical primary effluent mass loading as a function of the raw 

influent mass loading for all data and only for conditions where the average daily flow was 90 MGD or 

greater, respectively.  Both figures indicate that increased raw influent TSS mass load will yield 

increased primary effluent TSS mass load which, most likely, is an accurate representation of what will 

occur during operation.  The trend in Figure 2-24 will predict a higher primary effluent TSS mass load 

than that predicted in Figure 2-23. Furthermore, Figure 2-24 utilizes influent flow data at or above the 

present permitted design capacity of the facility.  It is recommended to use the trend in Figure 2-24 to 

predict future primary clarifier performance. 
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Figure 2-21 Primary Clarifier TSS Removal Efficiency versus Raw Influent TSS Mass Load 

 

 
Figure 2-22 Primary Clarifier TSS Removal Efficiency versus Raw Influent TSS Mass Load At Flows  

Equal To Or Greater Than 90 MGD 
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Figure 2-23 Primary Effluent TSS Mass Load as a Function of Primary Influent TSS Mass Load 

 

 
Figure 2-24 Primary Effluent TSS Mass Load as a Function of Primary Influent TSS Mass Load at Flows 

Equal to or Greater than 90 MGD 
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2.6.2 Primary Effluent BOD5 

2.6.2.1 Historical Performance 

Figure 2-25 and Figure 2-26 show the historical primary effluent concentrations and mass loads for 

the evaluated time period.  The gaps in the data set are from omission of primary effluent data from 

the evaluated data set that were taken during days when one or multiple units were out of service so 

that an evaluation could be made with all operating units in service. 

 
Figure 2-25 Primary Effluent Historical BOD5 Concentrations 

 

 
Figure 2-26 Primary Effluent Historical BOD5 Mass Loadings 
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Figure 2-27 shows the removal efficiencies of the primary clarifiers. Evaluation of the primary 

effluent data indicates that the units remove, on average roughly 20 percent of the raw influent BOD5 

depending on the loading condition at the Maxson WWTP.  This value is typically low for primary 

clarifiers that averaged an overflow rate of approximately 700 gallons per day per square foot for the 

data period and suggests that the soluble BOD5 component of the raw influent is significant.   

 
Figure 2-27 Primary Clarifier Historical BOD5 Removal Efficiency 

 

It should be noted that Figure 2-27 is not showing data where the BOD5 increased after the primary 

clarifiers (i.e. indicating a negative BOD5 removal on the y-axis of Figure 2-27).  There were numerous 

occurrences of this.  Spot checks of the primary clarifier sludge blanket measurements on the dates 

where the BOD5 increased after the primary clarifiers showed blankets typically less than 1 foot which 

would indicate rapid removal of primary sludge and mitigation of fermentation in the blanket. The 

blanket measurements are just a “snapshot” at that instantaneous moment in time.  There could be the 

possibility that the sludge blankets are typically higher than what the operating data suggests which 

could yield these higher BOD5 values.     

The primary effluent data showing “negative removal” of BOD5 are inclusive in the data set evaluated.  

In as much so, if fermentation is occurring in the blanket and can be mitigated by operational 

measures, the historical performance of BOD5 removal in the primary clarifiers can be deemed 

conservative since it accounts for days of sludge fermentation and increase of BOD5 in the primary 

clarifiers. 

Historical primary effluent BOD5 mass loadings were generated using the methodology discussed in 

Section 1.3.  Table 2-12 summarizes historical primary effluent BOD5 loading for the Maxson WWTP.  

Table 2-13 provides the historical primary effluent BOD5 mass loading peaking factors based on the 

criteria established in Section 1-3. 
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Table 2-12 Historical Primary Effluent BOD5 Mass Loading Summary  

Parameter Unit 
Historical BOD5 Mass Loadings 

Daily 30-day moving average 

Average lb/d 351,000 --- 

Minimum lb/d 80,000 220,000 

90th percentile lb/d 458,000 427,000 

92nd percentile lb/d 570,000 434,000 

95th percentile lb/d 493,000 441,000 

98th percentile lb/d 539,000 448,000 

99th percentile lb/d 571,000 452,000 

Maximum lb/d 991,000 471,000 

 

Table 2-13 Historical Primary Effluent BOD5 Mass Loading Peaking Factors  

Parameter 
Mass Loading Peaking Factors 

AD ADMM MD 

BOD5 Mass Loading 1.00 1.26 1.40 

 

2.6.2.2 Performance Evaluation 

The primary effluent data was evaluated further in attempt to correlate BOD5 removal to various 

parameters.  These included: 

� Influent flow rate 

� Raw influent BOD5 mass loading 

2.6.2.2.1 Influent Flow Rate 

BOD5 removal efficiency for all flows in the data set and for all flows greater than 90 MGD was 

generated.  Flows at 90 MGD and greater were evaluated to determine if correlations exist at flows at 

and beyond the plant’s current rated design capacity.  Best-fit regression trendlines have been 

superimposed on the data set to assist in the correlation of the data.  Figure 2-28 and Figure 2-29 

show the results.  Both plots show significant scatter and variation of removal efficiency at varying 

flow conditions.  It is not recommended that either of these correlations be used to predict primary 

clarifier BOD5 removal performance. 

2.6.2.2.2 Raw Influent BOD5 Mass Loading 

Raw influent BOD5 mass loading was evaluated in an attempt to correlate primary clarifier removal 

efficiency or predicted primary effluent BOD5 mass load.  Best-fit regression trendlines have been 

superimposed on the data set to assist in the correlation of the data.  Figure 2-30, Figure 2-31, 

Figure 2-32, and Figure 2-33 show the results of the daily data.  Figure 2-34 shows monthly 

averages of the BOD5 data set.  

Figure 2-30 shows a similar trend of increased removal of BOD5 at higher loadings (similar to Figure 

2-21 for TSS).  It also shows a baseline amount of BOD5 that will not be removed in the primary 

clarifiers due to the soluble component ranging from 200,000 to 400,000 pounds per day.  Figure 2-31 

also shows an increasing trend in BOD5 removal at higher loadings specifically at those occurring at 

flows of 90 MGD or greater. 
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Figure 2-28 Primary Clarifier BOD5 Removal Efficiency versus Influent Flow 

 

 
Figure 2-29 Primary Clarifier BOD5 Removal Efficiency versus Influent Flows Equal to Or Greater  

Than 90 MGD 
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Figure 2-30 Primary Clarifier TSS Removal Efficiency versus Raw Influent BOD5 Mass Load 

 

 
Figure 2-31 Primary Clarifier BOD5 Removal Efficiency versus Raw Influent BOD5 Mass Load At Flows 

Equal To Or Greater Than 90 MGD 
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Figure 2-32 Primary Effluent BOD5 Daily Mass Load as a Function of Primary Influent BOD5  

Daily Mass Load 

 

 
Figure 2-33 Primary Effluent BOD5 Daily Mass Load as a Function of Raw Influent BOD5 Daily Mass  

Load With Y-Intercept at Zero 
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Figure 2-34 Primary Effluent BOD5 Monthly Average BOD5 Mass Load as a Function of Monthly  

Average Raw Influent BOD5 Mass Load 

 

Figure 2-32 shows a strong correlation between influent BOD5 load and primary effluent BOD5 load 

and also indicates that primary clarifier performance deteriorates at lower influent BOD5 mass loads.  

The regression, at face value, would predict that primary effluent BOD5 load would be higher than the 

influent BOD5 loads when influent loadings are less than 250,000 pounds per day.  This, of course, is 

impossible unless fermentation is occurring in the sludge blanket. 

Figure 2-33 can be manipulated by forcing the y-intercept to zero to provide another trendline to 

assess the data.  Figure 2-33 shows the results with only forcing the trendline to intercept the y-axis at 

zero. 

Figures 30 through 34 all indicate increased BOD5 removal in the primary clarifiers at increased 

influent BOD5 loadings.  The data shown in Figures 32 through 34 can be used to predict the projected 

primary effluent BOD5 mass load as a function of influent BOD5 mass load and should be used to 

predict primary clarifier performance for future conditions. 

2.6.3 Primary Effluent Summary 

Table 2-14 provides a summary of the evaluation of the historical primary effluent mass loads. 

Table 2-14 Historical Primary Effluent Mass Loading Peaking Factor and Mass Loading  

Parameter 
Peaking Factors 

AD ADMM MD 

BOD5 mass load 1.00 1.26 1.40 

TSS mass load 1.00 1.41 1.83 

BOD5
 lb/day 351,000 441,000 493,000 

TSS lb/day 123,000 174,000 225,000 
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2.7 Projected Raw Influent Characteristics 
2.7.1 Raw Influent Flow 

The Maxson WWTP is presently permitted for 90 MGD of flow capacity.  Growth in the service area is 

unknown and it is unclear as to when the facility will reach 90 MGD of daily flow capacity.  Design 

loading conditions will be developed for an interim biological treatment capacity of 82 MGD of daily 

flow capacity and for the ultimate biological treatment capacity at 90 MGD of daily flow capacity.     

Analysis of the historical data indicates that the facility has experienced daily flows above 90 MGD 

roughly 8 percent of the time.  These times have corresponded primarily with storm events with the 

maximum month, maximum day and instantaneous peak historical flows occurring during significant 

rain and flooding events.  Application of the historical peaking factors for these conditions may not be 

applicable due to the fact that the service area is built out and the majority of the increase in flow was 

due to infiltration and inflow.  Therefore, it is proposed to use the historical maximum month, 

maximum day, and peak hour flows as the projected values at both the 82 MGD and 90 MGD daily flow 

conditions as well since these are more a function of infiltration and inflow in the service area than 

increased flows from new customers.  Table 2-15 summarizes the proposed raw influent flows for 

design. 

Table 2-15 Proposed Raw Influent Flow and Flow Peaking Factors  

Parameter Unit 
Proposed Design Flows 

AD ADMM MD PH 

Flow – interim capacity MGD 82.0 130.6 156.3 170.0 

Flow – ultimate capacity MGD 90.0 130.6 156.3 170.0 

Parameter 
Derived Peaking Factors 

AD ADMM MD PH 

Flow – interim capacity 1.00 1.59 1.91 2.07 

Flow – ultimate capacity 1.00 1.45 1.74 1.89 

 

2.7.2 Raw Influent Mass Loads 

Direction from the City indicated that the design parameters for the Maxson WWTP include the 

loadings from Cargill even though the facility shut down in January 2015.  This was done to allocate 

future biological capacity for another significant industrial user in the future.  The existing service 

area is built-out and significant changes to the characteristics of the service area are not anticipated.  

Given these assumptions, it is reasonable to assume that the waste strength should remain fairly 

constant.  The raw influent BOD5 and TSS concentrations and VSS/TSS ratio are assumed to be similar 

to those historically.  Mass load peaking factors developed from the historical data are applied to the 

interim an ultimate average day flows of 82 and 90 MGD, respectively,  to develop the projected raw 

influent mass loads for the facility.  Tables 2-16 and 2-17 summarizes the projected influent mass 

loads. 
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Table 2-16 Summary of Raw Influent Flows and Mass Loading at 82 MGD 

Parameter 
Peaking Factors 

AD ADMM MD 

Flow 1.00 1.59 1.91 

BOD5 mass load 1.00 1.26 1.43 

TSS and VSS mass load 1.00 1.25 1.59 

Parameter Unit 
Proposed Raw Influent Flows and Mass Loading 

AD ADMM MD 

Flow MGD 82.0 130.6 156.3 

BOD5
 

mg/L 724 575 543 

lb/day 495,000 626,000 707,000 

TSS 
mg/L 557 436 464 

lb/day 381,000 475,000 605,000 

VSS 
mg/L 455 356 379 

lb/day 311,000 388,000 494,000 

 

 

Table 2-17 Summary of Raw Influent Flows and Mass Loading at 90 MGD 

Parameter 
Peaking Factors 

AD ADMM MD 

Flow 1.00 1.45 1.74 

BOD5 mass load 1.00 1.26 1.43 

TSS and VSS mass load 1.00 1.25 1.59 

Parameter Unit 
Proposed Raw Influent Flows and Mass Loading 

AD ADMM MD 

Flow MGD 90.0 130.6 156.3 

BOD5
 

mg/L 724 630 596 

lb/day 543,000 686,000 776,000 

TSS 
mg/L 557 479 510 

lb/day 418,000 522,000 664,000 

VSS 
mg/L 455 391 416 

lb/day 341,000 426,000 542,000 

 

2.7.3 Raw Influent Temperature 

Historical water temperatures for the Maxson WWTP are shown in Table 2-7.  There is not a valid 

reason to deviate from the values from the historical data.  The minimum water temperature that 

should be utilized for process design should be 14 degrees Celsius. 

2.7.4 Raw Influent pH 

Historical pH values for the Maxson WWTP are shown in Table 2-8.  pH values have consistently been 

between 5 and 8 in the influent, with an average between 6.3 and 6.5, and can be used for the process 
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design.  pH fluctuations could occur again, with pH values less than 6.0, if ferrous chloride is added 

again to the lagoons or lagoon overflow.    

2.8 Projected Primary Effluent Characteristics 
2.8.1 Primary Effluent TSS and VSS 

Section 1.5.1.2.1 analyzed trends in the historical data set in an attempt to correlate data so it could be 

used to predict primary clarifier performance at increased flow and mass loads.  The correlations 

found in Figures 2-23 and 2-24 were the most promising.  The correlation in Figure 2-24 predicts a 

higher primary effluent TSS mass load than that in Figure 2-23 and, thus, will be used for projecting 

primary effluent mass loads.  Tables 2-18 and 2-19 summarize the predicted primary effluent 

characterization at 82 and 90 MGD, respectively, using the correlation in Figure 2-24. 

Table 2-18 Projected Primary Effluent TSS Mass Loading at 82 MGD 

Parameter Unit 
TSS Mass Loading at Design Capacity 

AD ADMM MD 

Raw Influent lb/day 381,000 475,000 605,000 

Primary Effluent lb/day 198,000 222,000 256,000 

Removal Efficiency % 48 53 58 

 

 Table 2-19 Projected Primary Effluent TSS Mass Loading at 90 MGD 

Parameter Unit 
TSS Mass Loading at Design Capacity 

AD ADMM MD 

Raw Influent lb/day 418,000 522,000 664,000 

Primary Effluent lb/day 208,000 234,000 271,000 

Removal Efficiency % 50 55 59 

 

The projected primary clarifier removal efficiency in Tables 2-18 and 2-19 predicts removals of 48 to 

60 percent which is lower than the historical data which indicated 60 to 65 percent removal.  This 

makes logical sense since flows and mass loads to the primary clarifiers will increase.  The removal 

efficiencies are also in-line (if not conservative) with removal efficiencies for units that are loaded 

within conventional design parameters.  The VSS content of the primary effluent is presumed to be 

similar to the historical data and a value of 83 percent is proposed. 

2.8.2 Primary Effluent BOD5 

Section 2.5.1.2.2 analyzed trends in the historical data set in an attempt to correlate data so it could 

be used to predict primary clarifier performance at increased flow and mass loads.  The correlations 

found in Figures 2-32 through 2-34 were the most promising.  Tables 2-20 and 2-21 summarize the 

predicted primary effluent BOD5 loads at the various design conditions using the correlations found in 

Figures 2-27 through 2-29. 
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Table 2-20 Comparison of Projected Primary Effluent BOD5 Mass Loading From Analysis in  
Figures 2-32 through 2-34 at 82 MGD 

Parameter 
Figure 

Correlation 
Unit 

BOD5 Mass Loading at Design Capacity 

AD ADMM MD 

Raw Influent N/A lb/day 495,000 626,000 707,000 

Primary Effluent 32 lb/day 378,000 461,000 507,000 

Primary Effluent 33 lb/day 397,000 502,000 567,000 

Primary Effluent 34 lb/day 419,000 523,000 588,000 

Average N/A lb/day 401,000 495,000 554,000 

 

Table 2-21 Comparison of Projected Primary Effluent BOD5 Mass Loading From Analysis in  
Figures 2-32 through 2-34 at 90 MGD 

Parameter 
Figure 

Correlation 
Unit 

BOD5 Mass Loading at Design Capacity 

AD ADMM MD 

Raw Influent N/A lb/day 543,000 686,000 776,000 

Primary Effluent 32 lb/day 415,000 495,000 545,000 

Primary Effluent 33 lb/day 435,000 550,000 622,000 

Primary Effluent 34 lb/day 457,000 571,000 643,000 

Average N/A lb/day 436,000 539,000 603,000 

 

The variation in the data predicted by the three correlations from Figures 2-32, 2-33, and 2-34 is 

approximately 10 to 12 percent, depending on the loading condition.  An average of the three 

predicted correlations is proposed to be utilized for the projected primary effluent mass loading.  

Furthermore, the use of the average of the three regression correlations would result in BOD5 removal 

efficiencies of 20 to 22 percent which are in line with historical data and consider some increase in 

removal efficiency at higher influent BOD5 loading events.  Tables 2-22 and 2-23 summarize the 

predicted primary effluent characterization at 82 and 90 MGD, respectively. 

Table 2-22 Projected Primary Effluent BOD5 Mass Loading at 82 MGD 

Parameter Unit 
BOD5 Mass Loading at Design Capacity 

AD ADMM MD 

Raw Influent lb/day 495,000 626,000 707,000 

Primary Effluent lb/day 401,000 495,000 554,000 

Removal Efficiency % 19 21 22 

 

Table 2-23 Projected Primary Effluent BOD5 Mass Loading at 90 MGD 

Parameter Unit 
BOD5 Mass Loading at Design Capacity 

AD ADMM MD 

Raw Influent lb/day 543,000 686,000 776,000 

Primary Effluent lb/day 436,000 539,000 603,000 

Removal Efficiency % 20 21 22 
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2.8.3 Primary Effluent Summary 

Tables 2-24 and 2-25 provide a summary of the evaluation of the historical primary effluent loads 

and will be used as the basis of design for the secondary treatment process depending on the decision 

of utilizing the interim capacity of 82 MGD of average day flow or the ultimate capacity of 90 MGD of 

average day flow. 

Table 2-24 Summary of Proposed Primary Effluent Flows and Mass Loads at 82 MGD 

Parameter 
Peaking Factors 

AD ADMM MD 

Flow 1.00 1.59 1.91 

BOD5 mass load 1.00 1.26 1.43 

TSS and VSS mass load 1.00 1.28 1.62 

Parameter Unit 
Proposed Primary Effluent Flows and Mass Loadings 

AD ADMM MD 

Flow MGD 82.0 130.6 156.3 

BOD5
 

mg/L 587 455 425 

lb/day 401,000 495,000 554,000 

TSS 
mg/L 290 204 196 

lb/day 198,000 222,000 256,000 

VSS 
mg/L 239 169 162 

lb/day 164,000 184,000 211,000 

 

Table 2-25 Summary of Proposed Primary Effluent Flows and Mass Loads at 90 MGD 

Parameter 
Peaking Factors 

AD ADMM MD 

Flow 1.00 1.45 1.74 

BOD5 mass load 1.00 1.26 1.43 

TSS and VSS mass load 1.00 1.28 1.62 

Parameter Unit 
Proposed Primary Effluent Flows and Mass Loadings 

AD ADMM MD 

Flow MGD 90.0 130.6 156.3 

BOD5
 

mg/L 581 494 463 

lb/day 436,000 539,000 603,000 

TSS 
mg/L 277 215 208 

lb/day 208,000 234,000 271,000 

VSS 
mg/L 229 178 172 

lb/day 172,000 194,000 224,000 
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2.9 Sludge Production Analysis 
2.9.1 Primary Sludge 

Historical primary sludge quantity from the 2009-2014 data set can be estimated by subtracting the 

raw influent TSS from the primary effluent TSS.  Figure 2-35 shows the plot of the historical monthly 

average primary sludge production over time from 2009-2014 including the influence the two highest 

TSS loading events that occurred in April 2010 (cause unknown) and in the fourth quarter of 2010 due 

to the impacts of the ash.   The data indicates that the primary sludge quantity has been trending 

upwards approximately four percent per year from 2009. 

 
Figure 2-35 Historical Primary Sludge Quantity 

 

A mass balance of the inert suspended solids (ISS), which are the difference between the total and 

volatile suspended solids, was performed on the data set from 2009 through 2014 to evaluate the 

accuracy of the reported total suspended solids data at the primary clarifiers.   The ISS cannot be 

degraded biologically and, theoretically, the pounds of ISS entering the primary clarifiers should equal 

the amount of ISS in the primary effluent and the primary sludge.  Figure 2-36 shows the results.  

Figure 2-36 shows that the actual amount of ISS recorded is higher in the solids leaving the primary 

clarifiers than what is entering the primary clarifiers.  This may be due to several issues including 

accuracy of flow meters and skewing of data due to use of grab samples (presumed for the primary 

sludge) versus composite samples (for the raw influent and primary effluent) to close the mass 

balance. 
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Figure 2-36 Cumulative ISS Balance Around Primary Clarifiers From 2009-2014 

 

2.9.2 Waste Activated Sludge 

Historical waste activated sludge data was compiled for each month from the 2009-2014 data and 

averaged.  Figure 2-37 shows the plot of the monthly average waste activated sludge data over time.  

Figure 2-38 shows the plot of the monthly average waste activated sludge and primary effluent total 

suspended solids over time. 

 
Figure 2-37 Historical Waste Activated Sludge Quantity 
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Figure 2-38 Comparison of Historical Primary Effluent TSS and WAS Production 

 

The data indicates an increase in waste activated sludge production (WAS) in 2009 through 2010 but 

then a decrease in WAS by almost half from 2011 through 2014. Data for primary effluent TSS, shown 

in Figure 2-38 shows a similar trend, with a decreasing trend from 2011 through 2014.  The 

decreasing primary effluent TSS trend is probably the primary reason for the decreasing WAS. 

However, a contributing reason may be changes in the operating solids retention time of the facility.  

Figure 2-39 shows the historical solids leaving the secondary treatment process (waste activated 

sludge and effluent suspended solids) and SRT from 2009 to 2014.  

The data set from 2009 through 2014 indicates that the average biomass inventory in the aeration 

basins has increased from 241,000 pounds to 298,000 pounds from 2009 to 2014. This, compounded 

with the decreased waste sludge production, has caused the solids retention times to double from 

2009 to 2014.    

 
Figure 2-39 Historical Solids Leaving Secondary Treatment and SRT 
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A mass balance of the inert suspended solids (ISS), which are the difference between the total and 

volatile suspended solids, was performed on the secondary treatment process (primary effluent, WAS, 

and final effluent) from January 2009 through August 2010 to evaluate the accuracy of the reported 

total suspended solids data in the waste activated sludge.   The August 2010 date was chosen because 

the primary clarifiers went offline during this month.  Theoretically, the pounds of ISS in the primary 

effluent should equal the amount of ISS in the WAS plus the ISS in the secondary effluent. Figure 2-40 

shows the results. 

 
Figure 2-40 Cumulative ISS Balance Around Secondary Treatment Process from January 2009 through 

August 2010 

 

Figure 2-40 shows that the actual amount of ISS recorded is higher in the solids leaving the secondary 

process than what is entering in the primary effluent.  It is anticipated that the composite samples 

taken for the primary effluent and secondary effluent are more reliable than the sampling done on the 

waste activated sludge.  Therefore, it is anticipated that the volatile content of the waste activated 

sludge is higher on a daily basis than the data that is measured presently or the WAS flow meters and 

totalizers may be recording incorrectly. From the data, it is interesting that, initially, ISS leaving the 

secondary process matched fairly closely the primary effluent ISS. Then there was a fairly constant 

discrepancy (suggested by the straight line). It is possible that an adjustment was made to the 

flowmeters, sampling, or laboratory procedures at the time that the deviation appears to start. 

2.10 Anaerobic Lagoon Sidestream Analysis 
2.10.1 Historical Data Analysis 

Historical data from 2009 through 2014 along with supplemental sampling performed in October and 

November 2015 was used to assess the impact of sidestream BOD5 and TSS loadings to the overall 

mass loading to the Maxson WWTP.  As stated previously, BOD5 loadings have increased in the raw 

influent since 2004 which also corresponds when the lagoons were covered and primary sludge was 

conveyed to the lagoons.   

Lagoon return flow is estimated by assuming steady-state conditions (i.e. no storage of liquid) exist.  

Flow can be estimated by adding the waste activated sludge flow and primary sludge flows together 
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and again presumes that flow into the lagoons has to equal the flow out of the lagoons.  Waste 

activated sludge flow is currently measured.  Primary sludge flow was estimated by determining the 

amount of primary sludge and using primary sludge concentrations to determine primary sludge flow.  

The recycled flow averages around 3.5 MGD over the last five years. Figure 2-41 shows the estimation 

of flow from the anaerobic lagoons back to the plant. 

 
Figure 2-41 Lagoon Sidestream Flow Estimation 

 

Lagoon return total suspended solids is typically measured daily with a grab sample.  Lagoon return 

BOD5 data is more limited and, on average, has been sampled for one to two times per week since 

2012.  Figure 2-42 shows the lagoon return BOD5 and TSS mass loads since 2012.  The sidestream 

average BOD5 and TSS loadings are 17,000 and 71,000 pounds per day, respectively.    This would be 

expected as the BOD5 in the return stream should be between 20 and 40 percent of the TSS in the 

return stream due to the decreased volatile solids in the sidestream.  

The BOD5/TSS ratio in the sidestream can provide insight as to whether the BOD5 was particulate or 

soluble in nature.  Figure 2-43 shows the BOD5/TSS ratio in the sidestream since 2012. It appears 

that the lagoons go through a cycle during the late winter to early spring where the BOD5/TSS ratio 

increases to 1 or higher indicating soluble BOD5 release.  The lagoons are not mixed and stratification 

is most likely occurring due to temperature and density differentials.  As ambient temperatures 

increase, the ponds are most likely turning over causing a release of soluble BOD5 during these 

conditions.  It is inferred from the graph that there is some soluble BOD5 for one to two months per 

year.  
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Figure 2-42 Lagoon Sidestream Load Estimation 

 

 

 
Figure 2-43 Lagoon Sidestream BOD5/TSS Ratio 

 

The average lagoon sidestream return BOD5 for the period 2012 through 2014 was approximately 

17,000 pounds per day.  The average primary effluent BOD5 load over the same period was 

approximately 400,000 pounds per day. It is evident that the lagoon sidestream returns, although 

significant, represent a relatively small fraction, less than 5%, of the overall BOD5 load to secondary 

treatment. 

2.10.2 Special Sampling Regiment 

Additional sampling was performed by the City of Memphis in October and November 2015.  At the 

time of this memo, approximately two weeks of sampling data had been analyzed at two locations 

along the Nonconnah Interceptor and in the lagoon sidestream.  The purpose of the sampling was 
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to determine the impacts of the lagoon sidestream flow, specifically BOD5 and soluble BOD5, to the 

concentrations in the Nonconnah Interceptor. The sample locations are as denoted below: 

� Manhole #9: Located upstream of the lagoon sidestream return on the Nonconnah Interceptor.  

This interceptor carries 80 to 90 percent of the flow to the Maxson WWTP. 

� Lagoon manhole:  Located just north of the lagoon system.   Captures flow back from the 

lagoons prior to combining into the Nonconnah Interceptor. 

� Manhole #5: Located downstream of the lagoon sidestream return on the Nonconnah 

Interceptor. 

BOD5, soluble BOD5 (sBOD5), COD, TSS, and VSS measurements were taken at each location during 

this sampling event.  Table 2-26 summarizes the data for Manhole #9.  Table 2-27 summarizes the 

data for the lagoon manhole. Table 2-28 summarizes the data for Manhole #5. 

Table 2-26 Summary of Sampling at Nonconnah Interceptor Manhole #9 

Date 
Parameter 

BOD5 sBOD5 COD TSS VSS 

October 18, 2015 590 392 1110 422 ND1 

October 19, 2015 987 572 1620 457 437 

October 20, 2015 1030 727 1940 466 402 

October 21, 2015 1110 570 1820 552 516 

October 22, 2015 745 560 1540 596 ND1 

October 25, 2015 825 Outlier 1470 512 452 

October 26, 2015 963 466 1300 396 342 

October 27, 2015 644 377 1160 360 314 

October 28, 2015 730 507 1250 346 307 

October 29, 2015 682 459 1280 346 324 

Average 831 514 1449 445 387 
1 ND = No data 

 

Table 2-27 Summary of Sampling at Lagoon Manhole 

Date 
Parameter 

BOD5 sBOD5 COD TSS VSS 

October 18, 2015 1127 330 7520 5700 ND1 

October 19, 2015 1750 229 8440 6150 4775 

October 20, 2015 1159 10 8990 6875 4900 

October 21, 2015 2830 240 7600 6525 4825 

October 22, 2015 1370 204 8280 5725 ND1 

October 25, 2015 1034 <100 6320 6225 3675 

October 26, 2015 1450 49 5030 6050 3100 

October 27, 2015 1672 <100 7000 4875 4350 

October 28, 2015 1220 <40 4450 4025 ND1 

October 29, 2015 809 <40 4530 5925 ND1 

Average 1,442 134 6,816 5,808 4,270 
1 ND = No data 
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Table 2-28 Summary of Sampling at Nonconnah Interceptor Manhole #5 

Date 
Parameter 

BOD5 sBOD5 COD TSS VSS 

October 18, 2015 742 408 ND1 890 ND1 

October 19, 2015 874 464 ND1 1055 820 

October 20, 2015 1010 544 ND1 1110 830 

October 21, 2015 1220 539 ND1 1380 1100 

October 22, 2015 880 590 ND1 1257 ND1 

October 25, 2015 923 Outlier ND1 1170 955 

October 26, 2015 1080 460 ND1 1050 800 

October 27, 2015 696 359 ND1 815 660 

October 28, 2015 902 591 ND1 454 384 

October 29, 2015 877 492 ND1 817 670 

Average 920 494 ND1 1,000 777 
1 ND = No data 

 

The following observations/conclusions can be made upon review of the sampling data: 

� The BOD5 concentration in Manhole #9 averaged 830 mg/L.  This flow stream is not impacted 

by the lagoon discharge back to the Maxson WWTP.     

� On average, the sBOD/BOD ratio in Manhole #9 averaged 0.43. This suggests that the influent 

wastewater to the Maxson WWTP, despite being of high strength, does not have highly unusual 

characteristics. 

� On average, the COD/BOD ratio in Manhole #9 averaged 1.74. This ratio is not highly unusual 

for influent wastewater, although one might expect the ratio to be somewhat higher. Therefore, 

for the reported BOD values, the corresponding COD is slightly on the low side of that expected. 

� The average change in BOD5 due to the lagoon sidestream (neglects impact from President’s 

Island Interceptor) is 89 mg/L or approximately a 10% increase. 

� Several very low soluble BOD5 values were measured on October 25th in Manhole #9 (94 mg/L 

and Manhole #5 (76 mg/L). These are significantly lower than normal and were discounted as 

outliers and not used in the soluble BOD5 averages calculated. 

� The soluble BOD5 content in the lagoon sidestream averaged less than 10 percent of the overall 

BOD5 returned in the sidestream.  The BOD5 being returned during the sample period is due to 

solids carryover during the decant process.  This result is as expected for a digested sludge 

supernatant. 

� The BOD5/TSS ratios in the sidestream are between 0.14 and 0.43 which matches the data 

presented in Figure 2-43 during the time period where it is believe the lagoons are not turning 

over. 
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� The VSS/TSS ratio in the sidestream averaged 0.77 which is not indicative of a system that is 

stabilizing sludge efficiently. 

2.10.3 Conclusions and Recommendations 

The results of the historical data analysis along with the additional sampling performed indicate that 

the BOD5 in the lagoon sidestream is particulate in nature for a large majority of the year.   It appears 

that soluble BOD5 is returned in late winter and early spring presumably due to lagoon turnover due 

to temperature differentials in the lagoon.  Furthermore, it appears that the wastewater strength in 

the Nonconnah Interceptor prior to the lagoon is higher than what has been anticipated. 

Sidestream treatment for soluble BOD5 would only appear to be a seasonal solution at best.   The 

historical data suggests that soluble BOD5 is only prevalent during the first quarter of each year.   A 

biological treatment system for sidestream treatment would have to be started up and operated 

seasonally and, most likely, is not worth the capital and operational expenditure to do so.   

Solids carryover in the decanting process does provide a significant source of BOD5 that is returned to 

the Maxson WWTP.   The average BOD5 from the lagoons from 2012 through 2014 was 17,000 pounds 

per day and most of it is particulate in manner.  Sidestream treatment for particulate BOD5 would be 

in the form of TSS reduction in the decant flow stream.    The primary clarifiers are efficient in 

capturing the TSS (historically capturing 60 to 65 percent) in the flow stream and can continue to be 

used in this manner to remove TSS/particulate BOD5.   

Sidestream treatment could be expected to remove 5,000 to 6,000 pounds per day of BOD5 (or roughly 

1.25 percent of the primary effluent load) that would not be removed in the primary clarifiers.  This is 

based on 17,000 pounds per day of BOD5 and assuming 90 percent of it is particulate and 65% 

removal of TSS in the primary clarifiers.   It would appear unlikely that this would be worth the capital 

and operational expenditure to do this. 

2.11 Projected Secondary Effluent Characteristics 
The Maxson WWTP presently operates under NPDES Permit TN0020729.  Table 2-29 highlights 

components of the NPDES permit that are directly affected by the proposed secondary treatment 

process upgrades. 

Table 2-29 Current NPDES Permit Requirements Affected by Secondary Treatment 

Parameter 

Effluent Limitations 

Monthly Weekly Daily 

Avg (mg/L) % Removal Avg (mg/L) Max (mg/L) % Removal 

BOD5
 42 85 63 84 40 

TSS 48 85 72 96 40 

Ammonia-Nitrogen Report Report --- Report --- 

Total Nitrogen Report Report --- Report --- 

Total Phosphorus Report Report --- Report --- 

 

The secondary treatment process will be designed achieve 30 mg/L of BOD5 and 30 mg/L of TSS on a 

maximum monthly basis.  The capacity of the secondary clarifier system will be the critical unit 
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process for maintaining permit compliance on a weekly average and daily maximum basis as they are 

most sensitive to plant flows. 

Instances of sludge volume indices higher than 130 mL/g, coupled with sustained 24-hour daily flows 

of over 156 MGD (maximum day historical flow with four new clarifiers in service), 140 MGD (99th 

percentile historical flow with three new clarifiers in service) or peak flows of 170 MGD occurring 

over several hours could result in rising sludge blankets in the secondary clarifiers.  This could lead to 

an erosion in TSS removal performance and, subsequently, BOD5 removal performance that could 

cause permit violations during a weekly or daily maximum event. 
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Section 3    

WWTP Electrical Evaluation 

3.1 Introduction 
This section of the CDR summarizes the evaluation CDM Smith performed of the existing electrical 

system and equipment at the Maxson WWTP.  

3.1.1 Background 

The plant’s electrical distribution system was originally built in 1970s and underwent reliability and 

protection modifications in 1980 and 1991 respectively. A number of other improvements were also 

made over the years, but they generally focused on specific treatment processes or systems, and 

appear to have been implemented with little consideration to the overall electrical power system. 

Discussion with the plant maintenance staff indicated that there has not been a plant-wide electrical 

system study to assess the condition of existing electrical equipment, and analyze facility loading, 

reliability and future plant expansion. As part of the disinfection upgrade conceptual design effort, a 

plant-wide electrical system evaluation has been authorized.   

3.1.2 Objectives 

The scope of the evaluation is to assess the condition of the electrical power distribution equipment 

and available on-site power, make recommendations of replacement schedule, if necessary, and 

identify major improvements needed to incorporate future processes, particularly those associated 

with disinfection.  

The assessment of the existing plant’s electrical system and the presentation of recommendations are 

based on the following key objectives: 

� Operational Flexibility – The electrical distribution system should provide maximum flexibility 

to operate under a range of conditions. The system should be designed to facilitate installation 

of future loads without replacement of the switchgear or other major electrical components.  

� Ease of Operation and Maintenance – The electrical distribution system should be designed to 

provide ease of operation and reduce maintenance requirements.  

� Increased Reliability – The electrical distribution system should be designed to minimize 

impacts from failures, avoid common mode failures, and utilize a split bus design, where 

applicable.  

� Expandability – Review of any foreseeable upcoming plant improvements to determine future 

plant capacities and the necessary modifications.  

3.1.3 Methodology 

The investigation of the electrical distribution system included collection, organization and review of 

record drawings from the WWTP. Although it is not uncommon that a plant built in multiple phases 

over a few decades does not have a consolidated electrical one-line diagram, it is a priority to derive 
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one from all available record drawings along with field verification. Therefore, an updated one-line 

diagram was generated, as it is fundamental to the understanding of the electrical system architecture.  

The objectives of the evaluation required field inspection of the major equipment. Although intrusive 

methods such as infrared survey and functional testing may provide more detail and definitive 

information on the equipment condition, they are costly, time-consuming and interrupt plant 

operation. Therefore, physical inspection performed by experienced professional engineers is 

typically adequate to assess the condition of the equipment and identify evidence of problematic 

conditions, such as condensation of water leak, rust spots, corrosion, deformation, cracks, chips, 

breaks, discoloration or oxidation due to overheating, etc. Inspection of the major current carrying 

components such as the busses, circuit breakers, etc. while energized was not performed.  

On-site meetings with the plant maintenance staff were conducted to document performance 

deficiencies of the power distribution system and discuss possible system improvements. The 

WWTP’s recent monthly electric utility bills were requested and provided by the City, as they allow for 

better understanding of the nature of the WWTP’s overall electrical load.  

3.2 Electrical System Review 
The City provided CDM Smith with record drawings for the existing WWTP electrical system. The 

record drawings are particularly important to understand the electrical system; therefore, have been 

reviewed during the evaluation. A list of record drawings is provided in Appendix A.  

The plant’s electrical distribution system was designed to be a two-source primary selective, 

secondary selective system with one normal and one emergency circuits, and can be divided into four 

subsystems based on the voltage level: 23kV subsystem, 4.16kV subsystem, 480V subsystem and 208V 

subsystem. The 23kV subsystem is used for plant-wide power distribution purpose. The 4.16kV 

subsystem is used primarily for large process equipment loads rated from 200HP to 1500HP. The 

480V subsystem is used for smaller process equipment and building mechanical equipment loads. The 

208V subsystem is used primarily for lighting, controls, and miscellaneous loads that require lower 

voltage. The electrical system evaluation was broken down into these 4 categories. A one-line diagram 

for the medium-voltage distribution system is presented in Figure 3-1.  

The three criteria utilized for evaluating the electrical equipment are: 

� Age of the equipment 

� Availability of replacement parts 

� Physical condition of the equipment 

In general, most major electrical equipment has a service life of 20-25 years. Older equipment is 

usually more maintenance intensive and often harder to keep operational due to the lack of available 

spare parts. In this Section an assessment of “good” is defined as being in good condition and capable 

of serving its intended use for over ten years with proper maintenance. “Fair” indicates the equipment 

is in a condition that requires attention to maintain reliable operation, and it should be scheduled for 

replacement within 5 years. “Poor” is defined as being in a condition that needs to be replaced. 

Equipment defined as “Poor” is at the highest risk for failure and should be replaced within 2-3 years.  
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Much of the existing distribution equipment is well past its design life and should be scheduled for 

replacement. The reliability of this equipment is questionable and higher maintenance costs are 

expected.  

The age of equipment contributes to the difficulty in obtaining repair parts, and when these parts can 

be found, they typically come at a premium cost. The cost of maintenance will typically increase as 

equipment ages due to normal mean-time failures, but these costs can increase dramatically due to a 

major component, insulation, or equipment failure. These types of catastrophic failures result in 

operations downtime and higher repair costs. As more components fail, the need for replacement 

parts will continue to rise and the parts themselves will be difficult to find. In addition, long delivery 

times for critical components are common and, depending on critical nature of the equipment, 

jeopardize its usability for plant operations.  

3.2.1 Equipment Evaluation – 23kV Distribution Subsystem 

The 23kV subsystem is designed as a primary selective configuration with two circuits, one normal 

and one emergency, from the overhead utility riser poles to a main-tie-main Substation “S”. The 23kV 

feeders for both circuits run to pad-mounted transformers, a.k.a., power centers (PC) throughout the 

plant for various process and buildings. The field observation, condition assessment, and 

representative photograph of each equipment are presented below. The headline shows the 

equipment name, rating, age and condition in the following format for quick reference: Equipment 

(Rating) (Age) (Condition). 

3.2.1.1 North and South Riser Poles (23kV, Fused at 400A, 3PH, 3W) (36) (Fair) 

Located by Riverport Road to the east of the plant, the North and South wooden riser poles support 

two 23kV feeders (Circuit #82301 and Circuit #82315) for the entire plant from the MLG&W service 

poles across the road. Fused switches were installed on top of the poles. The pole and the switch 

assemblies are over 35 years old and show signs of material deterioration. According to the owner, 

they have also been difficult to operate and maintain. It is preferable to move the risers to the MLG&W 

poles, and install the primary switchgears on the ground.  

3.2.1.2 Substation “S” (23kV, 1200A, 3PH, 3W) (36yrs) (Fair) 

Located in the air-conditioned Main Substation Building, 

Substation “S” consists of eleven cubicles with a primary 

selective main-tie-main configuration (Figure 3-2). Built in 

1982 by Siemens-Allis, cubicles 1 to 9 host the two main 

breakers, the tie breaker and the N (Normal) Bus. Cubicles 

10 and 11 host the two fused load breakers on the E 

(Emergency) Bus and was built in 1992 by Westinghouse.  

Maintenance staff stated that they do not like the two fused 

load breakers on the Emergency Bus because they cause 

operational and maintenance difficulties. They prefer the 

power breakers as on the Normal Bus.  

 

Figure 3-2 Substation “S” 
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3.2.1.3 PS1, PS2, PS3, PS4, PS5, PS6, PS7, PS8, PS9, PS10 (23kV, 600A, 3PH, 3W) (2yrs) (Good) 

Pad-mounted switch stations PS1 through PS10 were 

originally installed in 1991 and replaced with S&C 

VISTA underground distribution switchgears in 2014 

(Figure 3-3). Medium voltage cables were replaced in 

some sections. These ten switch stations are designed 

and installed in pairs, one for the normal circuit and the 

other for the emergency circuit, to enable downstream 

secondary selectivity.  

3.2.1.4 PS11 (23kV, 600A, 3PH, 3W) (16yrs) (Good) 

Pad-mounted switch station PS11 was installed in 2000 for the odor filter facility (Figure 3-4). Unlike 

other pad-mounted switch stations, PS11 was not replaced in 2014. It is fed from PS8 on the normal 

circuit and does not have a redundant one from the emergency circuit.  

3.2.2 Equipment Evaluation – 4.16kV Subsystem 

The 4.16kV subsystem is primarily used to supply power to large motor loads, including six 1500HP 

blowers, four raw water pumps of 700HP or 1200HP, ten 350HP biofilter pumps and four 300HP 

effluent pumps.  

3.2.2.1 PC-EAST and PC-WEST (23kV–4.16kV, 5MVA, 3PH) (2yrs) (Good) 

Pad-mounted transformers PC-EAST and PC-WEST are located outside the Main Substation Building 

and fed from Substation “S” (Figure 3-5). They supply power to the blowers and raw water pumps via 

MCC1 also located in the Main Substation Building. They were originally installed in 1970 and 

replaced with two Cooper transformers in August 2014. They were sized for only half of the loads on 

the split bus on MCC1; therefore, do not provide 100% redundancy. Their size would need to be 

doubled to achieve the desired redundancy level.   

  

Figure 3-3 Switch Stations PS1 through PS10 

Figure 3-4 Switch Station PS11 Figure 3-5 Transformers PC-EAST and PC-WEST 
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3.2.2.2 MCC1 (4.16kV, 1200A, 3PH, 3W) (24yrs) (Fair) 

MCC1 is located in the Main Substation Building with a main-tie-main configuration (Figure 3-6). It 

feeds six 1500HP blowers, one 1200HP influent pump, and three 700HP influent pumps that are 

scheduled to be replaced with 1200HP ones. MCC1 does not have 100% redundancy. When one power 

source is lost, the other one cannot assume all loads needed for full flow capacity on the buses. Along 

with the upstream transformers PC-EAST and PC-WEST, MCC1 would need to be upgraded to achieve 

the desired redundancy level.  

3.2.2.3 MCC4 (4.16kV, 1000A, 3PH, 3W) (36yrs) (Poor) 

MCC4 is located in the Electrical Building, which is not climate controlled (Figure 3-7). It has a main-

tie-main configuration with a normal bus and emergency bus feeding three 200HP screw pumps on 

each side. It also feeds MCC5 in the biofilter pump station. MCC4 was installed in 1980 and expanded 

in 1992 to add the main-tie-main breakers as well as breakers for feeders to MCC5. It is in poor 

condition due to the age and the harsh environment.  

3.2.2.4 MCC5 (4.16kV, 400A, 3PH, 3W) (36yrs) (Poor) 

MCC5 is located in the Biofilter Building, which is not climate controlled (Figure 3-8). It has a main-

tie-main configuration with a normal bus and emergency bus feeding five 350HP biofilter pumps on 

each side. It is in poor condition due to the age and the harsh environment.  

3.2.2.5 PC-8 and PC-9 (23kV–4.16kV, 5MVA, 3PH) (35yrs) (Poor) 

Pad-mounted transformers PC-8 and PC-9 are located outside the Electrical Building and fed from 

Substation “S” (Figure 3-9). They supply power to the screw pumps and biofilter pumps via MCC4 and 

MCC5. They were originally installed in 1981 and are in poor condition due to the age and the harsh 

environment. There are evidence of rust and oil leakage. The plant maintenance staff are concerned 

about their condition.  

3.2.2.6 PC-11 (23kV–4.16kV, 1MVA, 3PH) (33yrs) (Poor)  

Pad-mounted transformer PC-11 is located outside the Effluent Pump Station, is not climate 

controlled, and is fed from Substation “S” (Figure 3-10). It supplies power to four 300HP effluent 

pumps. The transformer was installed in 1983 and is in poor condition due to the age and the harsh 

environment. Rust spots are visible in multiple locations on the enclosure. It is also undersized, as it is 

unable to carry all the effluent pump station loads. There is no alternative power source for the 

effluent pump station. The plant maintenance staff has expressed concerns over its condition and 

performance.  

3.2.2.7 MCC6 (4.16kV, 1200A, 3PH, 3W) (33yrs) (Poor) 

MCC6 is located in the Effluent Pump Station Building, which is not climate controlled (Figure 3-11). 

It does not have a main-tie-main configuration. The 1200A bus feeds four 300HP effluent pumps. 

There is no redundancy within MCC6, making it a single point of failure for the Effluent Pump Station. 

The maintenance staff also stated that MCC6 does not appear to have enough capacity for all the 

connected loads. It is in poor condition due to the age and the harsh environment. 
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Figure 3-6 MCC1 

Figure 3-7 MCC4 

Figure 3-8 MCC5 

Figure 3-9 Transformers PC-8 and PC-9 

Figure 3-11 MCC6 Figure 3-10 Transformer PC-11 
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3.2.3 Equipment Evaluation – 480V Subsystem 

The 480v subsystem consists of an MCC in the primary sludge pump station, distribution panels for 

loads in various buildings, along with various transfer switches and pad-mounted transformers 

located throughout the WWTP.  

3.2.3.1 PC-1A and PC-1B (23kV–480V, 1MVA, 3PH) (36yrs) (POOR) 

PC-1A and PC-1B are part of the double-ended unit substation outside the return sludge pump 

building (Figure 3-12). They supply power to return sludge pumps, clarifier motors, and other 

mechanical loads via MCC2. The substation was installed in 1980 and is in poor condition due to the 

age and the harsh environment. Rust spots are visible in multiple locations on the enclosure. PC-1A is 

currently out of service as the result of a lightning strike last year and is scheduled to be replaced.  

3.2.3.2 PC-2 and PC-3 (23kV–480V, 150KVA, 3PH) (36yrs) (FAIR) 

PC-2 and PC-3 are located outside the blower building (Figure 3-13). They supply power to all the 

loads in the blower buildings except the blowers. They were installed in 1980 and are in fair to poor 

condition due to the age and the harsh environment.  

 

 
 
 

Figure 3-13 Transformers PC-2 and PC-3 

Figure 3-12 Transformers PC-1A and PC-1B 
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Figure 3-16 Transformers PC-10 and PC-12 

3.2.3.3 PC-4 and PC-5 (23kV–480V, 500KVA, 3PH) (36yrs) (FAIR) 

PC-4 and PC-5 are located outside the influent pump station building (Figure 3-14). They supply 

power to all the loads in the influent pump station except the influent pumps. They were installed in 

1980 and are in fair to poor condition due to the age and the harsh environment.  

3.2.3.4 PC-6 and PC-7 (23kV–480V, 500KVA, 3PH) (35yrs) (POOR) 

PC-6 and PC-7 are located outside the electrical building (Figure 3-15). They supply power to 

Switchboards DP-1 and DP-2. They were installed in 1981 and are in poor condition due to the age 

and the harsh environment.  

3.2.3.5 PC-10 and PC-12 (23kV–480V, 500KVA, 3PH) (25, 36yrs) (FAIR, POOR) 

PC-10 and PC-12 are located outside the administration building (Figure 3-16). They supply power to 

both the maintenance and administration buildings. PC-12 was installed in 1981 and is in poor 

condition due to the age and the harsh environment. Rust spots are visible in multiple locations on the 

enclosure. PC-10 was installed in 1991 for redundancy purpose and is in fair condition due to the age 

and the harsh environment.  

 
 
 
 
 
 
 
 
 

Figure 3-14 Transformers PC-4 and PC-5 

Figure 3-15 Transformers PC-6 and PC-7 
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3.2.3.6 PC-14 (23kV–480V, 500KVA, 3PH) (16yrs) (FAIR) 

PC-14 is located at the odor control system facility and supplies power to the odor control system 

equipment (Figure 3-17). It was installed in 2000 and is in fair condition.  

3.2.3.7 MCC3 (480V, 600A, 3PH, 3W) (36yrs) (POOR) 

MCC3 is located in the Primary Sludge Pump Station Building, which is not climate controlled (Figure 

3-18). It has a main-tie-main configuration. The main breakers and the tie are not kirk keyed. It is in 

poor condition due to the age and the harsh environment. In fact, the plant intended to issue an RFP to 

replace this MCC and provide climate controlled environment in 2013 but had to stop the project due 

to lack of funding. It is still a priority of the plant to replace it due to concerns of its age and condition.   

 

                                              

 

3.2.3.8 MSB-1 (480V, 600A, 3PH, 3W) (46yrs) (POOR) and MTS-MSB-1 (480V, 600A, 3PH, 
3W) (36yrs) (POOR) 

MSB-1 is located in the Influent Pump Station Building that was built in 1970 and is not climate 

controlled. It has one feeder that is connected to a manual transfer switch (MTS-MSB-1) that was 

installed in 1980 (Figure 3-19). Both the MSB-1 and the manual transfer switch are in poor condition 

due to the age and the harsh environment.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3-17 Transformers PC-14      Figure 3-18 MCC3 

Figure 3-19 MSB-1 and MTS-MSB-1 
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3.2.3.9 MSB-2 / MCC2 (480V, 1600A, 3PH, 3W) (5yrs) (GOOD) 

MSB-2 was originally built in 1971 in the Return Sludge Pump Building (Figure 3-20). In 2011 it 

underwent a rehabilitation project and was replaced with a new motor control center (MCC2) located 

in a new climate controlled room in the pipe gallery. MCC2 is fed from the double-ended unit 

substation PC1 and serves return sludge pumps, clarifier motors, and various process and building 

mechanical loads.  

 
 

3.2.3.10 MCC7 (480V, 600A, 3PH, 3W) (34yrs) (POOR) 

MCC7 was originally built in 1982 and located in the Sludge Dewatering Control Room in the pipe 

gallery (Figure 3-21). Two additional sections were added in 1996 during an improvement project. It 

was intended to serve the sludge dewatering equipment. According to the maintenance staff, most of 

the equipment is no longer in service due to the change of the process. The Sludge Dewatering Control 

Room is no longer air conditioned and the condition of MCC7 is poor, which could cause safety 

concerns. The bus is still energized for a few miscellaneous small loads. It is recommended to feed the 

miscellaneous from another source so that MCC7 can be decommissioned.  

 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3-20 MCC2 

Figure 3-21 MCC7 
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3.2.3.11 DP1, DP2 (480V, 600A, 3PH, 4W) (20yrs) (FAIR) 

Located in the Electrical Building, panelboards DP1 and DP2 were originally built in 1992 and 

replaced in 1996 (Figure 3-22). They provide normal and emergency power to MCC3, DP3, and DP4. 

Despite of the non-air conditioned environment and their age, they appear to be in fair condition. 

3.2.3.12 DP3 (480V, 70A, 3PH, 4W) (25yrs) (FAIR) / ATS-DP3 (480V, 100A, 3PH, 4W) (25yrs) 
(FAIR) 

Located in the Electrical Building, panelboard DP3 and ATS-DP3 were originally built in 1992 (Figure 

3-23). ATS-DP3 receives normal and emergency power from panelboards DP1 and DP2 and feeds 

panelboard DP3, which feeds seven grease pumps, electrical building exhaust fan, unit heater and the 

lighting panel. Despite of the non-air conditioned environment and their age, they appear to be in fair 

condition. 

 

 

 

 

 

   

 

 

 

3.2.3.13 DP4 (480V, 225A, 3PH, 4W) (25yrs) (FAIR) / ATS-DP4 (480V, 150A, 3PH, 4W) (25yrs) 
(FAIR) 

Located in the Main Substation Building, panelboard DP4 and ATS-DP4 were originally built in 1992. 

ATS-DP4 receives normal and emergency power from panelboards DP1 and DP2 and feeds 

panelboard DP4, which feeds the air conditioning equipment for the Main Substation Building. They 

are in fair condition. 

3.2.3.14 DP5 (480V, 200A, 3PH, 4W) (3yrs) (GOOD) / ATS-DP5 (480V, 200A, 3PH, 4W) (3yrs) 
(GOOD) 

Located in the Electrical Building, panelboard DP5 and ATS-DP5 were built in 2013 for the bar screen 

motors, gates, and lights (Figure 3-24).  

3.2.3.15 ATS-P5 (480V, 100A, 3PH, 3W) (25yrs) (FAIR) 

Located in the Biofilter Pump Station Building (Figure 3-25), ATS-P5 was built in 1991 for the 

building’s 480V unit heater and 208V lighting loads on panel P5.  

  

Figure 3-22 Panelboards DP1 
and DP2 

Figure 3-23 Panelboards DP3 
and ATS-DP3 
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3.2.3.16 DPB (480V, 600A, 3PH, 4W) (45yrs) (POOR) / ATS-DPB (480V, 600A, 3PH, 4W) 
(36yrs) (POOR) 

Located in the Blower Building, panelboard DPB, field labeled as panelboard A was originally built in 

1971 and ATS-DPB was built in 1980 to receive normal and emergency power from pad-mounted 

transformers PC2 and PC3 (Figure 3-26). Panelboard DPB provides power to three 208V panelboards 

via dry-type transformers for various loads in the blower building. All electrical distribution system 

equipment that is 480V and lower is in poor condition due to the age and harsh environment of the 

non-air conditioned blower building.  

 

Figure 3-24 Panelboards DP5 and ATS-DP5 Figure 3-25 ATS-P5 

Figure 3-26 Panelboards DPB and ATS-DPB 
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3.2.3.17 DP-ADMIN (480V, 400A, 3PH, 4W) (20yrs) (FAIR) / ATS-ADMIN (480V, 600A, 3PH, 
4W) (25yrs) (FAIR) 

Located in the Administration 

Building, panelboard DP-ADMIN has 

two 400A sections fed directed from 

the 600A ATS-ADMIN (Figure 3-27). 

Panelboards in the Administration 

Building was first built in 1970 and 

has undergone several modifications. 

The current two panelboards were 

installed in 1996 and appear to be in 

fair to good condition since they are 

in the air conditioned electrical room. 

The ATS-ADMIN was installed in 

1991 to take feeders from pad-

mounted transformers PC10 and 

PC12. It is in fair condition.  

3.2.4 Equipment Evaluation – 208V Subsystem 

Throughout the plant site there are numerous aged 480-120/208V transformers and associated 

panelboards that serve lighting, control and instrumentation equipment, general purpose outlets, etc. 

Many of these transformers and panelboards are over 30 years old and in fair condition at best. These 

transformers and panelboards should be slated for replacement.  

3.3 Recommendations 
Throughout this Section numerous issues were presented regarding the existing electrical 

infrastructure at the Maxson WWTP.  These items are summarized below with recommendations for 

improvements.  These recommendations are not presented in order of priority. 

3.3.1 Aging Electrical Equipment 

Much of the existing electrical equipment at this site has exceeded its design life and should be 

replaced.  The equipment denoted as ‘poor’ should be the first in line for replacement.  It is noted that 

the overall equipment will continue to age and equipment now considered as ‘fair’ may fall into the 

‘poor’ category depending upon when it is slated for replacement.   

It is recommended that all equipment indicated as poor be replaced.  To minimize capital costs, where 

possible, existing MCC’s should be removed and replaced with smaller and centrally located 

panelboards.   

3.3.2 Aging Electrical Cabling 

Much of the existing low voltage distribution cable at this site has exceeded its design life and should 

be replaced.   

3.3.3 Improve Reliability 

In areas where single panels or MCC’s feed critical processes, secondary selective system designs 

should be employed to increase overall plant reliability and operational flexibility.  

Figure 3-27 Panelboards DP-ADMIN and ATS-ADMIN 
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3.3.4 Climate Controlled (A/C) Electrical Rooms 

The general recommendation for any new electrical room is to provide climate control.  The climate 

controlled rooms will increase the equipment longevity.  At a minimum, any rooms with variable 

frequency drives or PLC control systems must be climate controlled to increase equipment life cycles.  

3.3.5 Lighting Transformers/Panelboards 

Replacement of all old (i.e. 30 plus year) transformers and associated panelboards is recommended.  

Any future work for the WWTP improvements project should limit any use of these older panels and it 

is recommended that new transformers/panels be provided in lieu of utilizing existing equipment 

where possible.  
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Section 4   

WWTP Existing Hydraulic Capacity Evaluation 

4.1 Introduction 
This section of the report documents the development of the hydraulic model for the T.E. Maxson 

Wastewater Treatment Plant and how it was used to determine the hydraulic capacity at the plant for 

the 25-year flood stage level. The Maxson WWTP discharges into a cooling channel, which drains to 

the Mississippi River. For the purposes of this analysis, the 25-yr flood elevation (4-percent annual 

chance of occurrence) at the cooling channel’s confluence with the Mississippi was used as the starting 

downstream water surface elevation (WSE) in the model.   When the river is above the 25-year flood 

stage level gravity flow from the plant starts to be impeded and the use of the effluent pump station is 

needed.   The purpose of the hydraulic model is to predict the plant performance with a free gravity 

discharge to the outfall.  

The original facility was commissioned in 1975, and has undergone several upgrades in past decades. 

For the hydraulic modelling effort, the plant’s various process units and interconnecting piping and 

structures were analyzed, including grit removal, fine bar screens, primary clarifiers, aeration tanks, 

and final clarification.  Though the plant’s original design flow was 90 MGD, the plant now treats an 

average of just under 70 MGD. Results from this analysis can be used to determine the reliable and 

emergency hydraulic capacities of the plant’s various treatment units currently in use.  Figure 4-1 is 

the Existing Hydraulic Profile for the plant. 

4.2  Capacity Analysis Approach 
4.2.1 Hydraulic Modeling 

The Maxson WWTP hydraulic capacity analysis was conducted for combinations of flows through 

closed conduits, open channel flows, and hydraulic control points through the entire treatment plant. 

For this analysis, commercially available programs were used to evaluate the specific hydraulic 

elements of the WWTP. To analyze plant hydraulics between process units, Visual Hydraulics (version 

4.2) software by Innovative Hydraulics was used.  

The hydraulic model was developed for two distinct profiles in the Maxson WWTP, separated by the 

hydraulic break at the intermediate pump station, downstream of the primary clarifiers. Downstream 

hydraulic control points were determined for each profile, all hydraulic losses were added one-by-one 

back to the upstream side of the profile, while incorporating intermediate hydraulic controls and 

devices. Intermediate hydraulic boundaries included weirs and a Parshall flume. Friction losses in 

piping and conduits were obtained using the Hazen Williams equation and in open channels were 

obtained using Manning’s equation. Minor head losses at all fittings, transitions, openings, gates, 

valves and open channel bends were computed by multiplying the appropriate coefficient by the 

velocity head. Head loss through the fine screens were calculated using installed bar dimensions and 

appropriate screen blinding rates.    
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The following assumptions were made for this analysis: 

� The influent flow meter on the discharge side of the influent pumps was representative of the 

flow through the WWTP. 

� Steady state flow conditions throughout the plant. 

� Dimensions and flow paths in units were constructed as per the contract drawings (1970 

through 2011) and input from plant staff.  Any modifications or variations from the contract 

drawings were not incorporated when developing this model unless specifically stated in the 

text that follows. 

� Elevations adjusted per survey data. 

The model was calibrated using surface water elevations measured at dry weather flow conditions 

during the field hydraulic testing.  By taking specific tanks and process units off-line, this data reflects 

a simulated high flow condition of the Maxson WWTP to accurately estimate roughness and minor loss 

coefficients for the calibration.   

4.2.2 System Description 

The hydraulic model (Model 1) for the profile upstream of the intermediate pump station consisted of 

all units and piping between the comminutor influent channel and the pump station influent structure, 

including the following: 

� Comminutor Chambers 

� Grit Chambers 

� Fine Screens 

� Primary Clarifier Splitter Box 

� Primary Clarifiers 

The comminutor basin/grit chamber structure receives pumped influent via a 72-inch pipe from the 

influent pump station at the front of the WWTP. It is worth noting that the plant flow meter is located 

on the discharge side of the influent pump station. Flow travels through three comminutor chambers 

(the comminutors are no longer in service) before flowing to four grit chambers. Flow exits each grit 

chamber over an 18-ft weir and discharges into the grit chamber effluent channel. From the effluent 

channel wastewater is conveyed through a 90-inch gravity pipe to the fine screens structure, where it 

is split between three 6-ft wide screening channels. Screened wastewater then flows through a 90-

inch gravity pipe to the primary clarifier splitter box that divides flow over four separate 10-ft long 

adjustable weir gates to each primary clarifier. Primary clarifier effluent combine back together into a 

common 90-inch pipe that discharges to the intermediate pump station. For the purposes of this 

evaluation, hydraulics associated with the high-rate biotowers downstream of the primary clarifiers 

were not included in the analysis. 

The hydraulic model (Model 2) for the profile downstream of the intermediate pump station consisted 

of all units piping between the pump station effluent structure and the WWTP’s outfall to the cooling 

channel, including the following: 
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� Flow Control Structure 

� Aeration Tanks 

� Secondary Clarifiers 

� Parshall Flume Structure 

� Chlorine Contact Distribution Box 

� Bypass Junction Box 

� Levee Gate Structure 

� Discharge Structure to Cooling Channel 

After the primary clarifier effluent is lifted by the intermediate pump station, the flow is sent through 

a 102-inch gravity pipe to a flow control structure that splits the incoming flow into the two streams. 

Return activated sludge (RAS) flow is added to the 102-inch main by tees that intersect the line, 

approximately half-way between the intermediate pump station and the flow control structure.  In the 

flow control structure, the combined primary clarifier effluent and RAS flow are split by two 5-ft x 5-ft 

slide gates. One flow stream goes to the north activated sludge treatment train, and the other goes to 

the south activated sludge treatment train. Each activated sludge treatment train consists of 14 

interconnected aeration tanks (total of 28 ATs) and 4 secondary clarifiers (total of 8 SCs). Flow is 

conveyed from the flow control structure to the aeration tanks and secondary clarifiers through a 

network of pressurized conduits and piping that have been modified over the years to meet 

operational needs. The conduit network in the vicinity of the aeration tanks is particularly complex 

due to changes made to the flow path since it was originally constructed. CDM Smith derived flow 

paths through this section of the plant based on revised record drawings, a site visit, and discussions 

with, and information provided by, the plant staff. See Figure 4-2 for a schematic interpretation of 

pipe gallery flow paths in the vicinity of the aeration tanks.   

Mixed liquor on the north and south side of the plant remain separated downstream of the aeration 

tanks, and are directed to their dedicated battery of secondary clarifiers. The two secondary clarifier 

effluent streams combine in the Parshall flume influent chamber. Dimensions of the 10-ft Parshall 

flume are known to be different from what was intended in the original design, and therefore, flow 

measurement from the Parshall flume is widely understood to be inaccurate. For the hydraulic 

modeling effort, a unique Parshall flume coefficient was developed to more accurately reflect observed 

conditions during the field testing. 

The combined plant effluent flow from the Parshall flume structure is then directed through an 8-ft x 

6-ft rectangular culvert to the chlorine contact distribution box. In past plant operations, flow was 

split in this structure and sent to two additional secondary clarifiers that once served as chlorine 

contact basins, and more recently as wet wells for the effluent pump station. These basins and the 

effluent pump station are rarely utilized. Currently, the plant effluent is sent directly to a 8-ft x 6-ft 

effluent culvert that bypasses the effluent pump station. Plant effluent is conveyed through a bypass 

junction box and levee gate structure, each connected by a 78-in circular pipe, before discharging 

through the plant’s outfall structure, which drains to the cooling channel and on to the Mississippi 

River. 
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Figure 4-2 Pipe Gallery Schematic 
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4.2.3 Mississippi River 25-Year Flood Elevation 

In order to begin the hydraulic modelling effort for process units in Model 2, the most downstream 

control point at the plant’s outfall was determined by studying where the cooling channel drains to the 

Mississippi River, near Lake McKellar. For the purposes of this analysis, the 25-yr flood elevation (4-

percent annual chance of occurrence) at the cooling channel’s confluence with the Mississippi was 

used as the starting downstream water surface elevation (WSE) in the model. From there, all hydraulic 

losses were added one-by-one back to the discharge side of the intermediate pump station. 

The FEMA Flood Insurance Study (FIS) for Shelby County (#47157CV002B) includes a detailed 

hydraulic profile of the Mississippi River from the Tennessee state line with Mississippi to north side 

of Memphis. The FEMA profile includes the 10-, 50-, and 100-year recurrent flood events. The peak 

discharge frequency relationships for floods at the selected recurrence intervals were developed from 

previous studies of the Mississippi River by the U.S. Army Corps of Engineers, Memphis District. The 

500-year recurrent flood event was not determined due to the difficulty in analyzing flood frequency 

in such a large drainage basin.  

The hydraulic profile for each peak discharge in the effective FIS (2013) was calculated using a 

detailed hydraulic model of the Mississippi River developed in HEC-RAS. Figure 4-3 shows the 

Mississippi River at its confluence with the cooling channel near the WWTP. The FEMA base flood 

elevation cross sections were used to locate the confluence on the FIS flood profiles. Figure 4-4 shows 

the detailed effective profile of the Mississippi in the vicinity of the facility and the cooling channel. 

Table 4-1 shows the river stations and peak flood WSEs for the FIS cross sections. 

Table 4-1 Mississippi River FEMA Flood Insurance Study Flood Elevations 

FEMA XS 

River 

Station 

(mi)1 

Flood Elevation2 

10% Annual 

Chance 

2% Annual 

Chance 

1% Annual 

Chance 

XS @ County Boundary 715.2 El. 212.0 ft. El. 218.1 ft. El. 220.6 ft. 

XS @ Cooling Channel 724.5 El. 216.0 ft. El. 222.0 ft. El. 224.5 ft. 

XS @ McKellar Lake Entrance 725.6 El. 216.5 ft. El. 222.8 ft. El. 225.0 ft. 

XS @ Water Gage near Hubert, AK 727.6 El. 217.8 ft. El. 224.0 ft. El. 226.5 ft. 

Notes: 1. River station is distance above Head of Passes in miles 

2. All elevations refer to NAVD88 datum 

3. Peak WSEs taken by graphical interpolation from the effective FEMA profile (Panel 75 P in FIS #47157CV002B) 
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Figure 4-3 25-Year Flood Cooling Channel and Mississippi River Water Surface Elevations 
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Figure 4-4 Mississippi River Profile 

 

The confluence of the cooling channel with the Mississippi River is located on the east bank about 1 

mile downstream of the McKellar Lake Entrance into the Mississippi. The approximate river station of 

the cooling channel confluence and McKellar Lake entrance is 724.5 miles and 725.6 miles, 

respectively. The peak flood WSELs for the river stations were taken graphically from the FEMA 

profile and are included in Table 4-1. 

To determine the Mississippi River water surface elevation associated with the 25-year peak 

discharge, the 25-year water surface elevation was interpolated from a stage-discharge rating curve. A 

degree two polynomial transformation was used in the interpolation to preserve the stage-discharge 

distribution. Figure 4-5 shows the interpolation of the stage-discharge rating curve. Therefore, the 

25-year recurrent water surface elevation in the Mississippi River in the vicinity of the cooling channel 

near the T.E. Maxson WWTP is 219.1 ft (NAVD88 Datum).  
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Figure 4-5 Effective Stage-Discharge Rating Curve Mississippi River at Cooling Channel 
Confluence 

 

4.3  Survey and Field Hydraulic Testing 
THY Inc. performed a field survey for this work. They tied into the North American Vertical Datum of 

1988 (NAVD88) to determine the vertical elevations at the facility. The survey data was used with 

depth to water measurements obtained during field hydraulic testing to establish water surface 

elevation data for a known flow condition. The survey showed a reasonable correlation with the 

elevations shown on the contract drawings. 

Field hydraulic testing was performed on July 8, 2015 from 8:00 am to approximately 1:30 pm. The 

plant flow rate varied during the test from 66.3 to 68.9 mgd. The return activated sludge (RAS) flow 

rate during the testing ranged from 19.0 to 20.0 mgd. During the test the influent pump station had to 

be shut down because the wet well level was too low. After the wet well level reached an acceptable 

level, the pumps were turned back on at the same flow rate, and the test was completed. In order to 

simulate high flow rates through the various unit processes, several units were taken out of service 

during the field testing, including: 

� North Comminutor Chamber 

� Grit Tanks Nos. 1 and 4 

� Fine Screen No. 1 

� Primary Clarifiers Nos. 1 and 3  

� Bio-Towers Nos. 1 through 6 (all offline) 

� Aeration Tanks Nos. N-1/2, N-3/4, N-7/8, N-13/14, S-5/6, S-9/10, S-11/12 and S-13/14 

� Secondary Clarifiers Nos. 1-N, 4-N, 1-S and 4-S 

� Effluent Pump Station Wet Well Nos. 5-N and 5-S (all offline) 
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The water surface elevations at key points in the flow path were determined measuring down to the 

water level from known elevations such as top of wall or channel.  Three depth measurements, along 

with the time of the measurement, were taken for each location and were averaged for each flow rate. 

This type of testing is challenging because flows through a wastewater facility can often become 

unsteady, yielding unexpected water surface elevations. For example, if flow going into a process unit 

increases, the water level in the tank can increase rapidly because flow going out is less than flow 

going in. It can take some time before steady state conditions emerge, especially if bottlenecks exist 

downstream which limit the flow rate out.   

Comparison of water surface elevations measured during the field hydraulic test and those generated 

by the hydraulic model is presented in Appendix E. With the understanding that potential unsteady 

state flow conditions existed during field testing, results from the hydraulic model showed reasonable 

agreement with field testing. In most cases, the difference between field-measured values and 

calibrated model-estimated values are within 3–inches. At a few locations, such as the Grit Tank 

effluent channel, the Primary Clarifier Splitter Box effluent chambers, and the Intermediate Pump 

Station effluent wet well, larger differences of 7 to 17-inches between field measurements and model 

predictions were observed. These differences were primarily a result of extremely turbulent water 

surface elevations during the field stress testing. Additionally, the Primary Clarifier Splitter Box 

effluent weirs were observed to be completely submerged and had turbulent water surface elevations 

during field stress testing. Field measurements in these locations are considered unreliable and are 

not suitable for calibrating the model. Therefore, at these locations in the plant, an uncalibrated 

hydraulic model was utilized to determine the water surface elevations. 

4.4  Hydraulic Capacity Analysis  
After field verifying and calibrating the hydraulic model, it was used for determining the reliable and 

emergency hydraulic capacity of the Maxson WWTP.  

The reliable capacity of a process unit is defined as the maximum flow that can be hydraulically passed 

by each independent process with the largest unit out of service, un-submerged weirs and at least a 3-

inch free drop from the weir crest elevation to the downstream water surface elevation.  

The emergency capacity of a unit is defined as the maximum flow that can be hydraulically passed by 

each independent process with all units in service while providing at least a 1-foot freeboard before 

overtopping tanks and chambers. Note that with 1-foot of freeboard under emergency conditions, 

frequent splashing and some degree of overflow should always be anticipated. 

The plant’s RAS flow was assumed to be constant at 20 mgd for all modeled flows, which matches 

current plant operations. Since RAS is combined with the influent flow in the 102-inch pipe 

downstream of the intermediate pump station, Model 1 did not include an additional RAS component 

to their overall flows. Similarly, since RAS is removed from overall flow in the secondary clarifiers, 

RAS flows are not included in the overall flow downstream of the SCs. 

4.4.1 Reliable and Emergency Hydraulic Capacity 

Numerous influent flow rates were run through the calibrated model and the respective water surface 

elevations for each unit process were noted. Flow curves were developed for each unit process based 

upon the water surface elevations and flow rates, in relation to weir elevations and top of wall (TOW) 

elevations. For reporting purposes, the established capacity for each process unit is based on the 
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lowest flow that meets the capacity criteria for that type of unit (e.g., the first of the four primary 

clarifiers to reach 1-ft of freeboard before overtopping the basin at a given flow rate establishes the 

emergency capacity of the primary clarifiers).  

For emergency capacity model runs, all process units were placed in service. For reliable capacity 

model runs, one train was taken offline in each process area (e.g. primary clarifier No. 1 was taken out 

of service to establish the reliable hydraulic capacity of the other three clarifiers). For the secondary 

clarifier and aeration tank analysis, one secondary clarifier and one aeration tank was taken out of 

service for each process unit on both the north and south activated sludge trains. 

In order to establish the reliable hydraulic capacity of the plant, the following process units were 

taken offline in the model: 

� North Comminutor Chamber 

� Grit Tank No. 1 

� Fine Screen No. 1 

� Primary Clarifier No. 1  

� Bio-Towers Nos. 1 through 6 (all offline) 

� Aeration Tanks Nos. 5-N/6-N and 5-S/6-S 

� Secondary Clarifiers Nos. 1-N and 1-S 

� Effluent Pump Station Wet Well Nos. 5-N and 5-S (all offline) 

Additionally, for the analysis of the Fine Screens, a 30 percent blinding factor was applied to the three 

online screens to establish emergency capacity and a 50 percent blinding factor was applied to the 

two online screens to establish reliable capacity. 

The table summarizing the estimated reliable and emergency hydraulic capacity of each process unit, 

predicted by the model is located in Appendix E, along with the the modeled hydraulic capacity 

curves for each process unit throughout the plant.  
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Section 5 

Disinfection Improvements and Recommendations 

 Introduction 
The City has been evaluating various disinfection alternatives for use at the Maxson WWTP over the 

past several years in order to meet requirements in the current draft National Pollution Discharge 

Elimination System (NPDES) permit. This section summarizes the Maxson WWTP disinfection 

alternatives evaluation performed by CDM Smith. The complete disinfection alternatives evaluation 

report is included in Appendix B, which includes the results of pilot and bench-scale testing 

conducted at the Maxson WWTP in 2013 and 2015 and the lifecycle costs for the various disinfection 

alternatives evaluated.  

 Pilot & Bench Testing and Results 
Pilot scale testing in 2013 was conducted for sodium hypochlorite, peracetic acid (PAA), and 

ultraviolet (UV) disinfection to compare and determine disinfection efficacy. During the 2013 testing a 

portion of the plant’s treatment processes were being bypassed, potentially impacting the effluent 

water quality, and a significant industrial user came off line after the 2013 pilot testing. Supplemental 

pilot and bench-scale testing performed in 2015 was conducted for PAA, UV, and UV/PAA in 

combination to determine if there was an improvement in effluent water quality, and thus disinfectant 

performance, after these changes. The City of Memphis (City) has contracted with CDM Smith to 

evaluate potential process improvements that could improve effluent quality and process control. 

Using information from the process analysis for the Maxson WWTP and the design doses developed 

based on pilot and bench testing, CDM Smith prepared planning level capital, operations and 

maintenance cost estimates for each disinfection alternative. 

The original pilot scale testing began in March 2013, pipe reactors were constructed on location in 

which plant effluent was treated with either sodium hypochlorite or peracetic acid. UV testing was 

also performed in a trailer mounted UV disinfection pilot from Trojan Technologies. Control samples 

were analyzed for color, UV transmittance (UVT) total suspended solids (TSS) Escherichia coli (E. coli), 

and disinfection by-products (DBPs). Treated samples were analyzed for E. coli and disinfection by-

products. Testing results with respect to recommended design doses are presented in the disinfection 

alternatives evaluation report found in Appendix B, which is divided into five major sections. Testing 

objectives, background and permit requirements are described in Section 1, procedures are outlined 

in Section 2, results and recommendations for design doses are presented in Section 3, and conceptual 

cost estimates are summarized in Section 4. 

The results of the pilot scale testing showed that sodium hypochlorite and PAA could be effective for 

achieving bacterial inactivation to meet permit compliance for E. coli, which includes a monthly 

geometric mean of 126 colony forming units (cfu)/100 mL, with a daily single grab maximum of 487 

cfu/100 mL under current plant operating conditions. In addition to E. coli inactivation, DBP 

formation potential was evaluated for sodium hypochlorite and peracetic acid. Dioxin congeners were 

detected in the undisinfected effluent and sometimes persisted into the disinfected water. Disinfection 

did not increase the occurrence or concentration of dioxin congeners. Sodium hypochlorite was also 
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found to form low concentrations of trihalomethanes (THMs) at the doses that were effective for 

disinfection. NDMA was not detected in any sample.  

The conceptual cost estimates based upon the 2013 pilot testing results showed that the sodium 

hypochlorite and an optimized UV disinfection system, which requires improvements to the existing 

secondary treatment process, had the same lifecycle cost of $113,000,000. However, prior to 

proceeding with the disinfection design phase, the City and CDM Smith agreed that supplemental pilot 

and bench testing was necessary to determine the impacts the two changes at the Maxson WWTP had 

on disinfection efficacy. The supplemental pilot-scale testing began in early May 2015 and concluded 

in early June 2015, while the UV/PAA bench-scale testing was conducted over a week in late 

September 2015. The supplemental testing had the following objectives: 

� Refine the design criteria for PAA disinfection to meet disinfection limits  

- Determine the kinetic model parameters to predict PAA disinfection efficacy across a range 

of doses and contact times 

- Determine the design dose for average conditions to support calculation of associated 

operating costs 

� Confirm the UV disinfection design dose to support estimates of capital and operating costs 

� Quantify and compare disinfection kinetics among several UV and PAA combinations including: 

- PAA alone, UV alone, UV followed by PAA, PAA followed by UV, simultaneous disinfection 

with UV and PAA. 

� Propose a mechanistic model to describe the efficacy of the combined disinfectant 

The supplemental PAA pilot testing allowed for the development of a kinetic model to predict PAA 

disinfection efficacy across a range of doses and contact times. During the analysis of the dataset it 

was determined that a double exponential decay model provided the best correlation with the dataset, 

and it was shown to have a reduced spread between the data and the model, when compared to Hom’s 

Model or the standard CT model. Therefore, the double exponential decay model was utilized to 

determine the necessary CT values at the minimum, average and maximum design conditions. Table 

5-1 summarizes the design criteria for the PAA system. 

Table 5-1 Required PAA CTs and Design Points 

Flow Conditions Flow (MGD) Required Log Inactivation CT* 

Permitted Average 90 3.92 87.1 

Peak Hour 170 3.82 74.1 

Daily Minimum 50 2.81 22.4 

*CT results include a 1.3x safety factor for scaling up to full scale 

 

The results from the recent collimated beam analysis were compared against the historical collimated 

beam data. It was found that there is no significant difference between the two datasets. Therefore, the 

water quality at the time of the 2013 sampling and the 2015 sampling yielded nearly identical 

collimated beam results. The supplemental pilot and bench testing data also showed that a design UVT 

of 20% would be more reasonable than the UVT value of 35%, which was utilized previously. 
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The data from the bench testing of a combined UV/PAA disinfectant indicated that the most consistent 

and positive results occurred with UV followed by PAA. Although the results are promising, further 

research is required to accurately describe the effect of combined disinfection, and the economic 

analysis that was performed based on the results did not indicate significant economic savings 

through application of a combined disinfection system.  

Further discussions regarding the use of chlorine disinfection were had between CDM Smith and the 

City. Use of chlorine disinfection has lower lifecycle costs and similar capital costs to PAA disinfection, 

however the use of a chlorination disinfection system has additional permitting requirements that 

include additional testing under Section 3.6.1 of the permit, as follows, making the technology more 

challenging to implement:  

“3.6.1 Additional Permittee Submittals (If Chlorination Disinfection System Selected) 

Permittee must provide the division with the types/amounts of specific chlorinated byproducts 

species to be in the Outfall 001 treated effluent and how newly generated byproducts are related to 

TRC according to the compliance schedule…”  

As a result of the additional testing required in the permit, it was determined that chlorine disinfection 

would no longer be considered. 

 Cost Evaluation & Recommendation 
Based upon the supplemental testing performed in 2015, the conceptual costs for UV and PAA were 

revised. Comparative 20-year lifecycle costs for three alternative disinfection systems are illustrated 

in Figure 5-1. The first alternative is a PAA system with a contact tank providing 31 minutes of 

contact time at average flow, the second is a PAA system providing 31 minutes of contact time at peak 

flow, and the third is a UV system designed to treat effluent with a 20% UVT.  

Providing more contact time at average flow for the PAA system eliminated the need for quenching 

with sodium bisulfite, although provisions were made to add a sodium bisulfite if it is needed in the 

future for emergency use. Although the lifecycle costs of the UV alternative is lower than that of the 

two PAA alternatives, the City of Memphis and CDM Smith discussed the impacts caused by the 

variability of the low UV transmittance seen in the Maxson WWTP effluent. The variability likely stems 

from the change in processes and raw materials utilized by industrial users within the City’s collection 

system. In addition, the capital cost required to increase the UVT of the effluent via another process, 

such as ozone, to make UV a viable option is more than the City can afford to spend. Based upon these 

discussions it was decided to eliminate UV from the list of disinfection alternatives. Therefore PAA 

disinfection is the recommended disinfection alternative to be utilized at the Maxson WWTP. Further 

analysis was performed to find the optimal combination of contact tank size and PAA dose to reduce 

the lifecycle costs. Results from the detailed cost analysis and the supplemental pilot data indicate that 

the most cost effective contact tank size to reduce overall lifecycle cost is 489,000 cubic ft. As a result, 

the most cost effective disinfection alternative is PAA - Option 2. 

While PAA disinfection has the highest lifecycle cost, the low capital cost of the PAA disinfection 

system combined with the avoidance of additional permitting requirements as described above has 

resulted in PAA disinfection being the selected disinfection alternative for the Maxson WWTP.  
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Figure 5-1 20-Year Lifecycle Analysis of Three Disinfection Options 

 

 PAA System Basis of Design 
CDM Smith has recommended that the City utilize bulk PAA disinfection at the Maxson WWTP. This 

subsection provides definition for a PAA system including initial equipment sizing, building code 

implications, modifications to existing buildings and structures, instrumentation and control and 

electrical modifications. CDM Smith recommends that the City lease the chemical feed, storage and 

delivery system from a PAA supplier as part of the chemical purchase agreement similar to what is 

being done at the M.C. Stiles WWTP. It is recommended that the City include the Maxson PAA system 

in with the PAA supplier procurement package being utilized for the Stiles WWTP, as this will help the 

City obtain the lowest PAA cost possible. Thus, CDM Smith has coordinated with PeroxyChem as a 

potential provider in obtaining process equipment sizing and recommendations on the PAA storage 

and feed system presented in this section.  

When the City selects the PAA supplier, the information presented herein should be updated with the 

specific details of the selected supplier’s system. CDM Smith recommends that the City select a PAA 

supplier during the preliminary design phase of the project. This will allow for the final equipment 

sizing and placement to be included in the final bid package for general contractors and will provide a 

competitive pre-selection process. 
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5.4.1 Peracetic Acid System 

The double exponential decay model developed from the results of the pilot and bench testing was 

utilized to establish the basis of design CT values at minimum, average and peak conditions, which 

were presented in Table 5-1. The optimization of the contact tank yielded a volume of 489,000 cubic 

feet, which was utilized to establish the contact times and PAA doses at the various flow rates. Table 

5-2 summarizes the design log inactivations, CT values, flow rates, contact times and PAA design dose 

at the design conditions. The basis of design for the PAA system is summarized in Table 5-3. 

Table 5-2 Required PAA Doses to Achieve Disinfection Design Criteria 

 
Required Log 
Inactivation 

Design CT Flow Contact Time Dose 

  mg/L*min MGD min mg/L 

Peak Conditions 3.92 87.10 170 31 8.36 

Average Conditions 3.82 74.10 90 59 6.73 

Minimum Conditions 2.81 22.36 50 105 4.50 

 

Table 5-3 PAA Basis of Design Summary 

Design Plant Flows  

Minimum Daily Flow  50 mgd 

Current Average Daily Flow 70 mgd 

Permitted Average Daily Flow 90 mgd 

Maximum Daily Flow 155 mgd 

Peak Hour Flow  170 mgd 

PAA Contact Tank Criteria  

Number of Contact Tanks 1 

Contact Tank Configuration Parallel Halves 

Overall Tank Length 298.5 feet 

Overall Tank Width 159 feet 

Number of Passes on Each Half of the Contact Tank 3 

Side Water Depth at Peak Hour Flow (1 ft of water height over weir) 13.5 feet 

Width of Each Pass 22 feet 

Bottom Slab Elevation 208 feet 

Weir Elevation 220.5 

Weir Length per Half/Total 40LF/80LF 

Tank L:W Ratio 72 

Tank H:W Ratio 0.61 

Total Tank Volume 489,456 cubic feet 

PAA Detention Time  

Minimum Daily Flow 105 minutes 

Average Daily Flow 75 minutes 

Permitted Average Daily Flow 59 minutes 

Maximum Daily Flow 34 minutes 

Peak Hour Flow 31 minutes 
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Table 5-3 PAA Basis of Design Summary, continued 

PAA Feed & Pumps Design Criteria  

PAA Chemical Strength1 12 to 15% 

PAA Specific Gravity 1.16 

PAA Doses of Active Ingredient for Feed Rate Calcs.2  

Minimum Daily  4.5 mg/L 

Average Daily 6.6 mg/L 

Permitted Average Daily 6.7 mg/L 

Maximum 8.4 mg/L 

Total Feed Rates (for 15% solution)  

Minimum flow and average dose 80 gph 

Average flow and average dose 110 gph 

Permitted average flow and average dose 144 gph 

Peak hour flow and maximum dose 342 gph 

Minimum Pump Turn Down 
4.3:1 (will utilized std hose 

pump turn down) 

Number of Dosing Locations per Half of Tank (Main & Boost) locations) 2 

Minimum # of Metering Pumps per Dose Location 2 (1 duty and 1 standby) 

Minimum Total # of Metering Pumps 8 (4 duty and 4 standby) 

Bulk Storage and Tanks Design Criteria  

Transfer Pumps 2 

Fill Station/Piping/Valves Per Manufacturer 

Design Flow for Bulk Storage Calculations (permitted average flow) 90 mgd 

Number of Day Tanks 2 

Day Tank Size (permitted avg flow and dose, plus 10%) 3,800 gallons 

PAA Volume per Truck Load 4,000 gallons 

14-day Storage Volume Required at Design Flow x Permitted Ave. Dose 48,500 gallons 

14-day Storage Volume Required at Design Flow x Maximum Dose 60,800 gallons 

Total Storage Volume Available 52,000 gallons 

Proposed Storage Volume Available per Tank 6,500 gallons 

Number of Bulk Tanks 8 

Proposed Storage Duration Available at Design Flow x Permitted Ave Dose 15 days 

Proposed Storage Duration Available at Design Flow x Maximum Dose 12 days 

Notes: 1. As active ingredient 

2. Dose from PeroxyChem Bench Test (June 2014) 

 

Process and Instrumentation Diagrams for the PAA bulk storage, chemical feed, and contact tank are 

included at the end of this section. 

5.4.1.1 PAA Contact Tank 

A new contact tank will be constructed to provide the necessary PAA contact time. The tank will be 

broken into two halves, the north and south. The design criteria for the tank are summarized in Table 
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5-3. Each half of the contact tank will have two PAA dose points. The main point will be at the head of 

each half of the contact tank, while a second dose point is included roughly two-thirds through each 

half of the tank in order to boost the PAA concentration to prevent regrowth.  

Each half of the tank includes a 40 foot long effluent weir, which will include two ultrasonic level 

elements (one duty, one standby). The level elements are utilized to determine the height of water 

over the effluent weir and thus, the flow rate for that half of the tank. The flow readings for each half of 

the tank will be added together and will be utilized as the effluent flow rate. 

The contact tank includes an effluent channel downstream of the tank effluent weirs, which serves two 

purposes. The first is to convey flow to the west side of the contact tank, and the other is to provide 

supplemental storage volume for the effluent pump station wet well. The effluent channel is 15 feet 

wide and 425 feet long. CDM Smith determined that the new effluent channel to the PAA CT will have 

enough storage capacity to provide sufficient cycling of the effluent pumps without considering the 

volume of the new 102-inch discharge main nor the effluent pump station wet well. Therefore, short 

cycling should not be a concern with the effluent PS.  The cycle time for the existing pumps is 

conservatively two starts per hour. The maximum flow per effluent pump is approximately 43,000 

gpm which would require a water depth of 6.7 feet in the PAA CT effluent channel.  The proposed 

water depth would be 11 feet, providing sufficient storage for the operation of the Effluent Pump 

Station. 

5.4.1.2 Chemical Off-loading and Storage 

Peracetic acid will be delivered on site by a truck with a 53-foot trailer. The truck will deliver 4,000 

gallons per delivery. With the daily chemical use anticipated to be 3,456 gallons per day, 

approximately one delivery per day will be required. 

The PAA system will utilize a new chemical unloading and bulk storage area in the southwest corner 

of the WWTP. See Section 6 for site plans locating the PAA system.  The OPCC assumes that the PAA 

supplier will supply a turn-key system for the storage and feed of the PAA.  The CMAR project will 

provide emergency eyewash/shower stations and washdown stations, a chemical tank pad and feed 

building under the CMAR contract.  

Eight 6,500-gallon linear high density polyethylene (LHDPE) bulk storage tanks and two 4,000-gallon 

LHDPE day tanks are proposed as part of the chemical storage and delivery system. The tanks will be 

provided with the following minimum features: 

� Leak detection sensors 

� Radar level transmitter and a high-high conductivity level switch 

� Combination pressure and vacuum relief vents 

� Site gauges 

� Manway hatches 

� Fiberglass reinforced polymer (FRP) ladders with safety cages 

� Isolation valves 

� Vent return lines 
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� Emergency relief valve vented to atmosphere 

Two chemical transfer pumps will be used to transfer PAA from the bulk storage tanks to the day 

tanks.  

5.4.1.3 Chemical Feed System 

The contact tank is divided into two halves, a north and south pass. Each pass will have a dedicated 

main dosing point, and a second dosing point in order to boost PAA concentration, should that be 

necessary. Each dosing point will have dedicated skid-mounted, pumps (one duty and one standby) 

and an induction mixer for dosing PAA. Features of the chemical feed skids will include: 

� Self-contained skids with leak-detection to detect PAA leaks in the building 

� Local control panel for operator interface 

� Pump failure alarms 

� PAA flow measurement devices for tracking chemical feed rates 

� Microprocessor based motor speed control unit to modulate chemical feed rate and control the 

pumps 

� Calibration column 

The pumps will convey PAA from the day tank to the induction mixers located at each dose point.  

5.4.2 Civil/Site Work 

In order to implement the PAA feed and storage system, the existing roads in the southwest corner of 

the WWTP will need to be modified, and the new truck unloading and chemical bulk storage areas will 

need to be constructed. See the Site Plans included in Section 6 for a site plan of the system. The PAA 

supplier will provide chemical piping from the PAA feed building to the PAA contact tank. In addition, 

chemical containment will be provided, with leak detection, for the piping along the entire piping run. 

5.4.3 Architecture 

The PAA feed building will be constructed to store the metering pump skids, tepid water system, and 

electrical & control gear. This section provides a brief summary of the applicable building codes for 

the PAA feed building. A complete building code review will need to be conducted early in the design 

phase of the project. 

Codes referenced: 

� 2012 International Building Code (IBC) 

� 2009 International Fire Code (IFC) 

A 15-percent PAA solution is classified in accordance with the International Fire Code as possessing 

the following physical properties (maximum numbers are for a chemical in a closed system): 

� Combustible liquid Class III-A H-2 or H-3 occupancy if over 330 gallons 

� Organic Peroxide  Class IV 
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� Oxidizer Solid/Liquid Class II  H-3 Occupancy if over 25 gallons 

A 15-percent PAA solution is also classified in accordance with the International Fire Code as 

possessing the following Health properties (maximum numbers are for a chemical in a closed-system): 

� Corrosive H-4 occupancy if chemical volume is over 500 gallons 

� Toxic H-4 occupancy if chemical volume is over 50 gallons 

In regards to the exterior storage, if the amount exceeds 100 gallons, storage containers must have a 

minimum 35-ft setback from buildings, lot lines, public right of ways and means of egress (Table 

6304.2.1  and 6304.1.2  in the 2009 International Fire Code). 

Within a closed system; if the amount of PAA exceeds the amounts listed above, H occupancy 

classification will be triggered. The feed building will only house the metering pumps for the four PAA 

application points, and the piping that is associated with each metering pump. The design of the piping 

system for the metering pumps will be such that it will stay under the IFC Oxidizer Solid/Liquid Class 

II PAA threshold volume of 25 gallons, which means the PAA feed room will not be classified as an H 

occupancy.  

5.4.4 Structural  

A new PAA feed and control building will be constructed to house the PAA metering pumps, the tepid 

water system, and the electrical and controls equipment. Each set of equipment will be located in a 

dedicated room within the building. The footprint of the building is approximately 30 ft. wide by 30 ft. 

long and will consist of slab on grade foundation, with cast-in-place concrete post and beam 

construction with concrete block infill walls to match construction of the surrounding existing 

buildings. The roof will be single-sloped and constructed of precast hollow-core concrete structural 

slabs, with built-up membrane roofing and external gutters and downspouts. The door, frame and 

hardware for the PAA feed room will be of fiberglass reinforced plastic (FRP) construction. All other 

doors, frames and hardware in the building will be painted steel. The metering pumps will come 

preassembled on a skid system, which will have its own containment system. 

The day and bulk storage area will be located at least 35 feet east of the PAA feed building, and will 

consist of a storage containment area, and a truck unloading area. The storage area will be constructed 

as a slab on grade with containment walls to contain a chemical spill, should one occur. An elevated 

FRP walkway system will be provided in order to provide access to the tanks, and their shut off valves 

even in the event of a spill. A PAA resistant coating system will be applied within the containment area 

to protect the concrete. The truck unloading area will be able to hold the volume of a chemical delivery 

tanker, estimated at 4,000 gallons, and will also have a PAA resistant coating system applied. 

5.4.5 Electrical 

Power to the disinfection facility will be derived from the proposed new 23kV distribution loops 

originated from the proposed new substation. The loops consist of a normal circuit and an emergency 

one for redundancy. The estimated load of the PAA system equipment and associated miscellaneous 

equipment is approximately 180KVA. The electrical system for the PAA facility consists of two 

225kVA, 23kV-480Y/277V, pad-mounted transformers located outside the PAA chemical feed 

building; a 480Y/277V, 400A automatic transfer switch (ATS), a 480Y/277V 400A panelboard, a 

30kVA step-down dry-type transformer, and a 208Y/120V, 100A panelboard, all located in the 
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electrical room within the PAA feed building. The electrical room will be air-conditioned to ensure the 

performance of the electrical and control equipment inside.  

The control equipment in the electrical room include a PLC and Operator Interface Terminal (OIT) 

panel for connectivity to the plant wide SCADA system and to calculate the effluent flow rate at the 

PAA CT effluent weirs, and the PAA system control panel, which is provided by the PAA provider, and 

will power and control all the PAA equipment.  

5.4.6 Instrumentation and Control  

Instrumentation and Control (I&C) improvements are required in order to implement the PAA system. 

I&C is important to the operation of the packaged PAA system and careful coordination is required for 

interfacing the PAA system with the upgrades to the plant SCADA system being implemented in this 

project. The process and instrumentation diagrams for the PAA process are included at the end of this 

section. The PAA system will be controlled by a PLC which will allow for all components to be 

automatically controlled and will provide the ability to alert the operator to process problems. An 

operator interface will provide the operator with means of monitoring and controlling the PAA 

system. The interface will be located in a new programmable logic controller (PLC). 

All instrumentation and controls being furnished with the leased PAA system will be the standard 

offering from the PAA system supplier. Ethernet compatibility will be specified and will allow the PAA 

system to be controlled and monitored by the SCADA system via PLC. A PLC panel with an OIT will be 

provided in the electrical room to allow operators to interface with the plant wide SCADA system. The 

new PLC will allow dedicated monitoring and flow pacing signals to the PAA system. The PLC will 

interface to the existing plant control system via Ethernet.  

5.4.7 HVAC/Plumbing  

Potable water lines will need to be run to the new PAA feed and control building. Potable water will be 

utilized for the tepid water system and for hose down purposes. A new 300 gallon tepid water skid 

will be located in the PAA feed and control building mechanical room. Given the furthest emergency 

shower/eyewash station is more than 100 feet away, a tepid water loop and recirculation pump is 

required per code. The tepid water system is currently slated to have a duty/standby recirculation 

pump and booster pump. 

Ventilation of the PAA feed and control building will be determined during preliminary design. 

Heating and cooling will be provided in order to maintain conditions for the equipment and 

operations staff. 
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Section 6   

Secondary Process Upgrade Recommendations 

6.1 Introduction 
Included in the recommendations of the 2013 report were improvements to expand the secondary 

treatment process to improve the effluent water quality. These improvements would facilitate 

implementing disinfection into the process and provide for future biological capacity to treat up to 90 

million gallons per day (MGD) average daily (AD) flows. 

The existing secondary treatment process is comprised of biotowers, aeration basins and secondary 

clarifiers. Table 6-1 provides a summary of the existing secondary treatment process units. 

Table 6-1 Existing Secondary Treatment Process Units  

Process Unit 
Number 

Installed 
Description 

Biotower Pumps 10 Each pump rated at 23,000 gpm at 43 ft; variable speed 

Biotowers 6 
Diameter of 135 ft; media depth of 21 ft; wood media with specific area 
of 14 sf/ft3 

Aeration Basins 14 
10 tanks- two pass, 250 ft x 24.25 ft per pass, 15.25 ft sidewater depth 
4 tanks- two pass, 225 ft x 24.75 ft per pass, 15.25 ft sidewater depth 

Blowers 6 Each blower rated at 35,500 scfm @ 7.5 psig 

Secondary Clarifiers 8 Diameter of 135 ft; 15 ft sidewater depth  

RAS Pumps 6 Each pump rated at 12,000 gpm at 6 ft (max flow condition) 

 

The existing biotowers can be operated in either roughing filter mode or as activated biofilters (ABF). 

When operating as ABF, return activated sludge (RAS) from the aeration basins is conveyed to the 

biotower pump station, where it is blended with primary effluent and pumped to the biotowers. 

Two alternatives to provide the desired biological treatment capacity up to 90 MGD were identified in 

the 2013 report. Improvements identified in Alternative 1 included removing the existing biotowers 

and constructing additional aeration basins and secondary clarifiers where necessary.  

Alternative 2 included upgrading the existing biotowers, adding odor control for the biotowers, 

modifying the biotowers by raising the floors by 3 feet to accommodate room in the existing hydraulic 

line and constructing intermediate clarifiers downstream of the biotowers. When plant hydraulics 

were calculated to determine hydraulic impacts of adding the proposed process units to the existing 

system, it was determined that there is insufficient hydraulic capacity to add the proposed 

intermediate clarifiers. Additionally, raising the floors of the biotowers by 3 feet would require 

extensive modifications. These issues led to Alternative 2 being removed from consideration for 

further evaluation. 

Although Alternative 2 was removed from consideration, CDM Smith and the City of Memphis felt 

there was potential for reusing the existing biotowers as opposed to removing them or abandoning 

them in place. A new alternative, Alternative 3, was then developed to include upgrading the biotower 
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media, addition of a new RAS reaeration basin, replacement of the existing course bubble diffusers 

with fine bubble diffusers, and new secondary clarifiers. 

This section presents the design criteria, considerations and proposed improvements for Alternative 1 

and Alternative 3. Subsections 6.2, 6.3 and 6.4 describe the design criteria and considerations that 

are required for both Alternatives. Subsections 6.5 and 6.6 discuss the improvements specific to 

Alternative 1 and Alternative 3, respectively. 

6.2 Civil and Geotechnical Design Criteria 
The general civil and geotechnical criteria to be considered for both Alternatives involve site grading 

and drainage, access drive relocation and/or reconstruction and geotechnical exploration. Alternative 

1 will also involve filling approximately 6.5 acres of the site, in an area that may contain wetlands. 

Drainage from the Maxson WWTP is collected through a series of storm drain inlets and discharge into 

a low-lying area located just west of Biotower 1. This general drainage pattern will be maintained with 

either Alternative. 

Both Alternatives involve the relocation of a portion of the existing site drives to make for the 

construction of the new PAA Contact Tank. Also, both Alternatives will include an analysis of the 

existing access drives to and from the proposed PAA bulk storage pad to determine what 

modifications are needed to accommodate the increased demands of the PAA delivery trucks. 

The geotechnical work is intended to address the following key issues: 

� Depth and condition of any existing fill associated with past site activities 

� Presence of soft, compressible or excessively wet soils 

� Presence of liquefiable soils 

� Pavement thickness and subgrade conditions of the site drives 

� Groundwater depth 

The soil borings, laboratory analyses and engineer analysis will provide the following information: 

� Foundation recommendations, including bearing capacity and anticipated settlement 

� Deep foundation recommendations as necessary 

� Seismic site classification per the International Building Code 

� Liquefaction analysis 

� Site excavation and placement of fill, including an evaluation of the suitability for use of existing 

on-site soils 

� Pavement recommendations based on specific traffic projection and a design life  
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6.2.1 Permits 

The following Tennessee Department of Environment and Conservation (TDEC) permits are 

associated with the site work required for this project. 

� National Pollution Discharge Elimination System (NPDES) Stormwater Construction Permit 

The project will fall under the TDEC’s Stormwater Construction Permit program and will require the 

submittal of a Notice of Intent and a site-specific Storm Water Pollution Prevention Plan (SWPPP). 

� Aquatic Resources Alteration Permit (ARAP) 

If it is determined that the fill associated with Alternative 1 will impact wetlands, an ARAP may be 

required. 

6.3 Architectural Design Criteria 
The following architectural design criteria will be incorporated for improvements constructed under 

both Alternatives. 

6.3.1 Design Considerations 

CDM Smith architectural design philosophy is rooted in a long history of environmental design. As 

with all projects, the architectural design for the Maxson Expansion project will be approached in a 

holistic, energy-efficient and environmentally responsive manner. Material selections are based on life 

cycle operation, maintenance, durability, security and compatibility with the aesthetics of other 

buildings on site. 

6.3.2 Building Codes and Regulations 

The applicable codes for the Architectural portions of the Maxson Expansion project shall include the 

following (including local amendments): 

� 2009 International Building Code: Chapters 14-26 and 34 requirements will be enforced from 

the 2012 IBC 

� 2012 International Existing Building Code 

� 2009 International Plumbing Code 

� 2009 International Mechanical Code 

� 2009 International Fire Code 

� 2012 International Energy Conservation Code 

� 2009 Accessible and Usable Buildings and Facilities Standard (ICC/ANSI A117.1) 

� Americans with Disabilities Act (ADA) 

� 2006 NFPA Life Safety Code 101 

� 2008 National Electric Code 
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� Occupational Safety and Health Administration (OSHA) 

6.3.3 Building Construction 

New building construction will consist of cast-in-place concrete post and beam construction with 

concrete block infill walls to match construction of the surrounding existing buildings. Roofs will be 

single-sloped and constructed of precast hollow-core concrete structural slabs, with built-up 

membrane roofing and external gutters and downspouts. All exterior personnel doors and frames will 

be of fiberglass reinforced plastic (FRP) construction. 

6.3.4 New Buildings 

New buildings to be constructed under both Alternatives include: 

� Peracetic Acid (PAA) Chemical Feed Building – approximately 40-feet long by 20-feet wide 

� Main Electrical Substation – approximately 30-feet wide by 60-feet long 

New buildings to be constructed under Alternative 1 include: 

� Blower Building – Includes large mechanical area for the blower units and associated 

equipment; electrical room hosing switchgear and Motor Control Centers (MCCs); and a small 

office space. Building will be approximately 75-feet long by 45-feet wide. 

New buildings to be constructed under Alternative 3 include: 

� Electrical Building – Approximately 40-feet wide by 80-feet long 

6.4 Structural Design Criteria 
6.4.1 Building Codes and Regulations 

The applicable codes for the Structural portions of the Maxson Expansion project shall include the 

following (including local amendments): 

� 2012 International Building Code 

� 2012 International Existing Building Code 

� 2012 International Residential Code 

� 2008 National Electrical Code  

� 2009 International Mechanical Code 

� 2009 International Gas Code 

� 2009 International Plumbing Code 

� 2009 International Energy Conservation Code 

6.5 Subsurface Utility Engineering 
Verification of existing yard piping will take place in two phases. The first phase will involve an area 

sweep using ground penetrating radar (GPR) to identify the existence of utilities that are not reflected 
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in the record drawings. The areas to be swept for each Alternative are described in the following 

sections. It may be determined in the field that some pipes are not detectable due to depth of cover or 

soil condition being not conducive to GPR technology. In those cases alternative methods of location, 

including radiolocation or acoustic locating, should be employed. These methods are included in Level 

B exploration. 

The second phase will include Level A exploration, or physically exposing the pipe for verification of 

horizontal and vertical location, size and material. Anticipated locations of Level A locales are 

indicated on the drawings. 

6.6 Electrical System Improvements 
The existing plant electrical system consists of: a 23kV substation “S” with two circuits (one normal 

and one emergency) from Memphis Light, Gas and Water (MLGW); a 23kV loop distribution system to 

reach various plant loads; and power distribution motor control centers (MCCs) and panelboards to 

various loads. The estimated additional load for the proposed process improvements will be between 

2,250kVA and 6,000kVA, depending on the selected Alternative. The existing plant electrical system 

does not have enough capacity to accommodate the new load. This will require the installation of a 

new 23kV substation with a main-tie-main configuration to handle both the existing plant load, via the 

existing substation “S”, and the new process loads. New feeders (one normal and one emergency, 

preferably installed underground) will be requested from MLGW for the new substation. Coordination 

with MLGW has been initiated by the City and the design team, with the first meeting scheduled for 

February 10, 2016. A new substation building will be located across the service road from the existing 

substation building.  

A new 23kV underground distribution system originating from the new substation will be constructed 

to reach the service transformers and the downstream MCCs and panelboards. It will consist of 

medium voltage cables, concrete-encased ductbanks, manholes and pad-mounted switchgears similar 

to the plant’s existing medium voltage distribution system.  

Due to the conflict with the proposed process facilities on site, some of the electrical infrastructure, 

including the underground MV cables, ductbanks, manholes, pad-mounted switchgears and site 

lighting, will need to be relocated.  

6.7 Alternative 1 Improvements 
6.7.1 Process Improvements 

The existing secondary treatment process can reliably treat approximately 58 MGD of flow on an 

annual average daily basis if the biotowers are removed from the process. In order to meet the desired 

90 MGD capacity, a new activated sludge treatment process train would be required.  As described 

previously in the report, the Alternative 1 initial design would be set to provide only 82 MGD of 

average day biological capacity with the ability to add the remainder of the capacity in a future phase 

of work. 

The existing biotowers, specifically when operated as activated biofilter mode (ABF), provide a means 

of removing readily biodegradable COD (rbCOD) prior to the aeration basins; this removal provides 

bioselection of the bacteria grown in the aeration basins, particularly the minimization of the growth 

of filamentous organisms. An alternative means of bioselection will be needed for both the existing 

and new process trains to control filamentous organism growth to maximize clarifier capacity. New 
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anaerobic bioselectors are recommended to be installed for this purpose. The design criteria used to 

develop the recommendations in this alternative are detailed in Appendix C. 

Primary effluent from the intermediate pump station will be conveyed to a new splitter box, which 

will combine the primary effluent with RAS prior to the biological treatment process. The splitter box 

will contain adjustable weir gates to split the flow to the proposed biological treatment processes.  

This box is further described in Section 7 of this report. 

A new three-cell bioselector will be constructed for the existing process train. Additionally, each 

existing aeration basin will include a swing zone that can be used either anaerobically or aerobically, 

depending on the temperature of the wastewater. New mixers will be provided in the swing zones to 

accommodate anaerobic operation to keep solids in suspension. 

The new biological treatment process train will consist of a three-cell bioselector which will receive 

mixed liquor from a new splitter box to provide bioselection prior to the new aeration basins. The new 

aeration basins will be equipped with swing zones to operate aerobically or anaerobically.  New 

coarse-bubble diffused air systems and single-stage centrifugal blowers are proposed for aerating the 

new aeration basins. Mixed liquor will discharge over a fixed weir plate into a common discharge 

channel. This channel will also be equipped with coarse bubble diffusers for additional mixing. 

Flow from the aeration basin discharge channel will be conveyed to the secondary clarifier flow 

splitter box. This splitter box will contain adjustable weir gates to split flow three proposed 135-foot 

diameter secondary clarifiers, with a fourth gate installed to accommodate future expansion. Each 

clarifier will be equipped with a spiral scraper mechanism and a dedicated diaphragm pump for scum 

pumping. 

Settled mixed liquor will be conveyed from the bottom of clarifiers to a waste activated sludge (WAS) 

and RAS pump station. The pumps will be located on a common suction manifold, with valves 

provided to dedicate a RAS pump to each clarifier. A single pump will handle WAS for all three 

clarifiers.   

Odor control has been evaluated as an additive alternate in the CDR and in the opinions of probable 

construction costs.  Odor control for Alternative 1 would include covering the Intermediate Pump 

Station and the two new bioselectors, providing ductwork for foul air conveyance, and bioscrubbers to 

treat the foul air. Table 6-2 summarizes the proposed process unit improvements included in 

Alternative 1. 

Table 6-2 Summary of Improvements – Alternative 1 

Parameter Unit Value 

BIOSELECTORS 

 Number of bioselectors EA 9 

 Cells per bioselector EA 3 

 Bioselector volume, each unit MG 0.37 

 Number of mixers, total EA 9 

 Mixer horsepower, each unit hp 2.0 
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Table 6-2 Summary of Improvements – Alternative 1, continued 

Parameter Unit Value 

AERATION BASINS 

 Number of basins  EA 3 

 Total volume, each basin (swing zone aerobic/swing zone anaerobic) MG 8.24/7.47 

 Diffuser type -- Coarse Bubble 

 Blower type -- Centrifugal 

 Number of blowers, total (duty/standby) EA 4/1 

 Blower horsepower, each unit hp 1000 

 Blower capacity, each unit scfm 19,200 

SECONDARY CLARIFIERS 

 Number of clarifiers EA 3 

 Diameter ft 135 

 Sidewater depth ft 18 

 Solids loading rate (average/max day) lb/d/sf 19.3/30.5 

RAS PUMPING 

 Number of pumps (duty/standby) EA 3/1 

 Pump horsepower, each unit hp 75 

 Pump capacity, each pump gpm 5,600 

WAS PUMPING 

 Number of pumps (duty/standby) EA 1/1 

 Pump horsepower, each unit1 hp 50 

 Pump capacity, each unit gpm 1,300 

1. Assumes 24 hours per day wasting. 

 

Drawing GS-C-6 provides a site plan of the proposed improvements included in Alternative 1 and 

Drawing GP-G-14 presents the corresponding Process Flow Diagram (PFD). Drawings I-2 through I-

6 present the Process and Instrumentation Diagrams (P&IDs) for the proposed improvements 

included in Alternative 1. 

6.7.2 Structural Considerations – Existing Aeration Basins 

The structural modifications at the existing aeration basins include the addition of mixers, davit 

cranes to lift the mixers and wall penetrations into the pipe gallery. Preliminary analysis of the 

existing walkways indicate there are options which are structurally viable to accommodate the mixers 

and davit cranes. The most likely option will be to reduce the width of the walkway and mount the 

davit cranes directly on top of the existing wall. The walkway itself has very little capacity to support 

additional loads without the addition of a support below, extending to the foundation. Without 

additional support, the davit crane capacity will be limited to 500 pounds. 
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6.7.3 Civil and Geotechnical Improvements 

6.7.3.1 Site Grading and Drainage 

Alternative 1 involves the filling of approximately 6.5 acres of the site west of the Biotowers. This will 

necessitate the extension of the main 36-inch storm drain outlet pipe approximately 500 feet to the 

southwest beyond the proposed fill area. 

The proposed fill area will be investigated for the presence of wetlands to determine if mitigation 

efforts will be required. The fill area will require an additional 120,000 to 150,000 cubic yards of 

engineered fill. 

6.7.3.2 Access Drives 

In addition to the drive relocation associated with the PAA Contact Tank, Alternative 1 includes the 

addition of approximately 2,100 linear feet of new access drives around the proposed treatment 

facilities. 

6.7.3.3 Geotechnical Investigations 

The geotechnical investigation for Alternative 1 is estimated to require approximately seventy-five 

(75) soil borings, summarized in Table 6-3. In addition to these borings, geotechnical investigations 

of any proposed borrow areas will be required.  

Table 6-3 Geotechnical Boring Requirements – Alternative 1 

Boring Locations Estimated Number of Borings Estimated Depth (feet) 

At Proposed Structures/Buildings 44 30 – 100  

At Proposed Pipes 18 10 – 20  

In Existing Pavement 7 5 

In Proposed Pavement 4 5 

 

6.7.4 Yard Piping Improvements 

6.7.4.1 Subsurface Utility Engineering 

GPR for this Alternative will be broken down by major structures to be constructed. Size of the areas 

to be explored are as follows: 

� Anaerobic Selector – approximately 4 acres 

� Secondary Clarifiers – approximately 8 acres 

� PAA Contact Tank – approximately 2 acres 

Drawing GS-C-7 identified thirty-three (33) Level A locales. For budgeting purposes it is 

recommended that fifty (50) locales be allocated for this Alternative. 

6.7.4.2 Piping Modifications 

Piping modifications will include, but are not limited to, cutting, capping, removal, abandonment, 

relocation, tapping and connecting. Drawing GS-C-7 presents the proposed yard piping 

improvements listed below. 
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Anaerobic Selector Area 

� Remove and replace 100 feet 2.5-inch PVC water line 

� Remove 50 feet of 6-inch PVC water line and replace with 65 feet of 6-inch PVC 

� Remove 510 feet of 18-inch ductile iron sludge forcemain and replace with 550 feet of 18-inch 

PVC 

� Remove 690 feet of 24-inch ductile iron return sludge line and replace with 710 feet of 24-inch 

ductile iron. Bedding for these pipes will require approximately 210 cubic yards of flowable fill. 

This work would also require approximately 340 feet of plywood sheeting to protect and not 

disturb the existing 24-inch sanitary line 

� Cut and cap 102-inch PCCP 

� Connect to existing 102-inch PCCP and install approximately 80 feet of 102-inch PCCP to the 

new Intermediate Pump Station Junction Box 

� Install 250 feet of 84-inch influent PCCP from the Intermediate Pump Station Junction Box to 

the proposed Aerobic Basin Flow Splitter Box 

Secondary Clarifier Area 

� Install 75 feet of 48-inch AA-SST 

� Install 560 feet of 42-inch SCE-PCCP 

� Install 200 feet of 54-inch SCE-PCCP 

� Install 360 feet of 48-inch RAS-DIP 

� Install 1450 feet of 54-inch MLSS-PCCP 

PAA Contact Tank Area 

� Install 630 feet of 66-inch SCE-PCCP 

� Install 300 feet of 84-inch SCE-PCCP 

� Install 400 feet of 102-inch EFF-PCCP 

It is preferable to not disturb existing gravity lines, and while it is assumed at this time that existing 

gravity lines will not be disturbed, once utility locales and final pipe routing are completed relocation 

and/or rerouting of existing gravity lines may be required. 

6.7.4.3 Minimum Cover 

Minimum cover for all pipe shall be 36 inches. Table 6-4 provides minimum cover to overcome 

buoyancy for various pipes where calculations indicate a required depth greater than 36 inches. 
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Table 6-4 Minimum Cover for Yard Piping – Alternative 1  

Nominal Size 

(inches) 
Material 

Minimum Cover of 

Saturated Soil (inches) 

48 SST 44.1 

85 PCCP 40.7 

114 PCCP 57.4 

 

6.7.5  Electrical 

The electrical load for the proposed Alternative 1 improvements is estimated to be 6,000 kVA. Power 

to the new process equipment will be delivered by new 23kV distribution loops originating from the 

new substation. The new distribution loops will include one normal circuit and one emergency circuit 

for redundancy.  

The electrical system for the new treatment train blowers (five 1,000 hp units) consists of two 5,000 

kVA , 23 kV-4160 V, pad-mounted transformers located outside the proposed blower building and one 

a 4160V, 1,200A MCC with a main-tie-main configuration. The electrical room will be air conditioned 

to ensure performance of the electrical and control equipment located inside.    

A second electrical system, consisting of two 1,500kVA, 23kV-480Y/277V, pad-mounted transformers 

and a 480Y/277V, 2,000A MCC with a main-tie-main configuration located inside the blower building, 

will be provided for all other mechanical equipment associated with the Alternative 1 improvements. 

These equipment include mixers and channel air blowers in the anaerobic selectors for the existing 

train, mixers at the swing zones for the existing aeration basins, mixers in the anaerobic selector for 

the new treatment train, mixers in the swing zones for the new treatment train, the channel air 

blowers for the new treatment train, the clarifier drives and scum pumps for the secondary clarifiers 

in the new treatment train, RAS WAS pumps for the new treatment train and the PAA disinfection 

facility. A 75 kVA step-down dry-type transformer and a 208Y/120V, 200A panelboard will also be 

located in the blower building. Figure 6-1 presents the electrical one-line diagram and Figure 6-2 

presents the electrical site plan for the proposed improvements included in Alternative 1. 

6.7.6 Plant Hydraulics 

The calibrated hydraulic model for the existing plant was modified to reflect the modifications for 

Alternatives 1 and 3 at the Maxson WWTP. Both Alternatives were evaluated for the maximum day 

(MD) design flow of 156 MGD through the entire plant, and a total RAS flow of 47 MGD through the 

aeration tanks and secondary clarifiers.  

All hydraulic modifications for the two design alternatives occur downstream of the Intermediate 

Pump Station; therefore, the hydraulic model for the front end of the plant (from the Influent Pump 

Station to the upstream side of Intermediate Pump Station), was modified only to reflect the increased 

design flow conditions for each. For each alternative, all treatment basins were assumed to be in 

service for at MD flow and a 30-percent blinding factor was applied to the fine screens. 

The following assumptions were made for this analysis: 

� Steady state flow conditions exist throughout the plant. 
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� Dimensions and flow paths in units were constructed as per the contract drawings (1970 

through 2011) and input from plant staff.   

� Elevations were adjusted per survey data. 

� The downstream water surface elevation in the Cooling Channel at the plant’s outfall was 

assumed to be 206.00 ft (NAVD88 datum). This level was determined to be the highest water 

surface elevation that would allow the MD flow to flow by gravity in each design alternative 

without overflowing basins or requiring use of the Effluent Pump Staiton. 

� The water surface elevation in the Intermediate Pump Station influent wet well was assumed to 

be 215.64 ft, the level observed during the first round of field stress testing at the plant on July 

8, 2015. It is understood that this level is variable and can be modified based on operating 

conditions at the pump station. 

For Alternative 1, hydraulics were assessed for a maximum day (MD) design flow of 156 MGD through 

the entire plant, and RAS flows of 33 MGD and 14 MGD through the aeration tanks and secondary 

clarifiers of the existing North Treatment Train and proposed South Treatment Train, respectively. 

The preliminary hydraulic profile is included as Drawing GP-G-20 and GP-G-21.  

Flow follows the existing plant’s flow path from the Comminuter Influent Chamber to the upstream 

side of the Intermediate Pump Station. A proposed Flow Diversion Box built adjacent to the north wall 

of the Intermediate Pump Station effluent box would then split flow downstream of the pump station, 

sending approximately 71-percent of the flow to the North Treatment Train, including a new 

Anaerobic Selector, the existing Flow Control Structure, the existing Aeration Tanks and the existing 

Secondary Clarifier batteries. The remaining 29-percent of flow would be diverted to the proposed 

south treatment train, including three new Aeration Tanks, and three new Secondary Clarifiers.  

Effluent from the Secondary Clarifiers in the existing North Train and the proposed South Train would 

combine in the influent junction box at the upstream end of the proposed PAA Contact Basin. From 

here, the combined flow would split between two contact channels, and then recombine at the 

downstream end of the basin before flowing back to the original plant effluent piping downstream of 

the existing Bypass Junction Box. 

For Alternative 1, several hydraulic modifications would be built to accommodate the MD flow 

through the new treatment units on the North Train, including the following: 

� A new 102-inch pipe will carry the North Train’s flow from the Flow Diversion Structure to the 

Anaerobic Selector’s influent chamber. The existing 102-inch pipe at the Intermediate Pump 

Station’s effluent box would remain in place, isolated by a gate, which could be opened to 

bypass the Anaerobic Selector, if necessary. 

� The existing RAS lines would be diverted from their existing path to the Anaerobic Selector’s 

influent chamber, where it would combine with influent from the Flow Diversion Structure.  

� Two new 84-inch pipes will connect the Anaerobic Selector’s effluent chamber and would carry 

the MLSS flow to the existing 102-inch pipe, upstream of the existing Flow Control Structure. 

� Downstream of the existing Secondary Clarifier batteries, the Parshall Flume Structure would 

be modified by demolishing the flume and connecting the effluent culvert piping to the 
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Secondary Clarifier Junction Chamber, renamed the Clarifier Effluent Junction Box (see Section 

7 for further information).  

� Due to hydraulic constrains observed in the existing Chlorine Contact Distribution Box, this 

structure would be completely replaced by a larger Clarifier 5N-S Junction Box. 

� The existing Bypass Junction Box would be converted into a two-chamber Disinfection Junction 

Box structure to divert the Secondary Clarifier from the North Train to the PAA Contact Basin. 

6.8 Alternative 3 Improvements  
6.8.1 Process Improvements 

The existing biotowers are currently equipped with wood slat media with a specific surface area of 

approximately 14 ft2/ft3, with volumetric loading on the order of 20 lb BOD5/1,000 ft2/day of media 

surface based on the current maximum month design condition. This volumetric loading is considered 

very high for the existing biotower media. The existing media is also in poor condition. Considering 

both these conditions, it is recommended that the existing media be replaced. Plastic module media, 

with a specific surface area of approximately 30 ft2/ft3, would be more efficient and provide over 

twice the biofilm area and treatment capacity as the existing wood media. 

The biotower effluent is then further treated in the aeration basins. The aeration basin capacity would 

need to be increased in order to treat the organic loading associated with the desired 90 MGD flows. 

The capacity would be increased through the construction of a new RAS reaeration basin. This new 

basin would receive RAS and condition the sludge before coming into contact with effluent from the 

biotowers. This conditioning minimizes the concentration of mixed liquor suspended solids (MLSS) in 

the secondary clarifier influent. 

The proposed RAS reaeration basin would be equipped with a fine bubble diffused air system. The 

existing blower capacity has been determined to be adequate with no need for additional capacity to 

handle the new basin. This alternative would also include the construction of two new secondary 

clarifiers, each designed to match the existing 135-foot diameter clarifiers. These new clarifiers would 

replace the two existing, non-operational 120-foot diameter clarifiers. 

The 1997 Recommendations for Odor and Corrosion Control for the Memphis Wastewater Collection and 

Treatment System identified the biotowers as generating liquid process odors that escape the plant 

boundary.  It is recommended to increase the ventilation for the new plastic media to maximize 

soluble BOD5 removal and either divert the air to a stack, appropriately sized to reduce the likelihood 

of offsite odor complaints or, as an additive alternate, to address odor removal at the Biotowers. These 

items are identified as additive alternates in this section and in subsequent opinions of probable 

construction cost. These additive alternate items include: 

� A new biofilter system consisting of a completely enclosed, concrete structure.  Four biofilter 

cells would be provided with plastic media. Air entering the system is preconditioned using a 

cross-flow humidifier. The remaining odorous compounds are biologically oxidized to carbon 

dioxide, water and inorganic salts when passing through the media.  Clean air is discharged to 

the atmosphere via an exhaust fan. 

� Installation of covers and an air recycle system on each biotower. The covers would include 

dampers to allow in fresh make-up air. 
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� New water distribution arms. 

� An interior coating system or improved mortor to protect against corrosion. 

� FRP ductwork around each biotower to allow for even draw-off of the air connected to both the 

recycle systems and the proposed odor control system.   

Table 6-5 summarizes the proposed process unit improvements included in Alternative 3. 

Table 6-5 Summary of Improvements – Alternative 3 

Parameter Unit Value 

BIOTOWERS 

 Number of biotowers, total EA 6 

 Number of biotower air recycle blowers, total (duty/standby) EA 6/2 

 Air recycle blower capacity, each unit cfm 21,000 

BIOFILTERS 

 Number of biofilters EA 1 

 Cells per biofilter EA 4 

 Media volume, total cf 105,000 

 Number of crossflow humidifiers, total EA 4 

 Number of recirculation pumps, total EA 4 

 Recirculation pump horsepower, each unit hp 5 

 Number of exhaust fans, total EA 4 

 Exhaust fan horsepower, each unit hp 100 

 Exhaust fan capacity, each unit cfm 45,000 

RAS REAERATION BASIN 

 Number of basins EA 1 

 Total volume MG 3.5 

 Diffuser type -- Fine Bubble 

SECONDARY CLARIFIERS 

 Number of clarifiers EA 2 

 Diameter ft 135 

 Sidewater depth ft 18 

 Solids loading rate (average/max day) lb/d/sf 19.7/29.2 

RAS PUMPS 

 Number of pumps (duty/standby) EA 2/2 

 Pump capacity, each unit gpm 6,250 

 Pump horsepower, each unit hp 100 

 

Drawing GS-C-9 provides a site plan of the proposed improvements included in Alternative 3 and 

Drawing GP-G-15A and GP-G-15B present the corresponding Process Flow Diagrams for the additive 

alternates and the base bid. Drawings I-7 through I-10 present the Process and Instrumentation 

Diagrams for the proposed improvements included in Alternative 3. 
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6.8.2 Structural Considerations – Existing Biotowers 

The structural modifications to the bottoms of the structures is limited by the presence of 14-inch by 

18-inch columns around the perimeter of the bottom. The bottom 4 feet, 6 inches of the walls are 14 

inches thick, and are 8 inches thick above this point. The column reinforcing only extends 

approximately 2 feet from the bottom. There is no practical way to extend the column reinforcing 

while maintaining the stability of the structure. Lightweight grout fill or lightweight “geofoam” with a 

concrete cap can be added to the bottom. However this will reduce the area of the openings around 

the perimeter. 

Concrete rehabilitation of the biotowers will be needed. The visible portions of the concrete appear to 

have moderate to severe biological attack. The exposed concrete at the top of the walls has exposed 

aggregate and severe loss of cement paste. We anticipate the condition of the concrete at the top of the 

structure is worse than the condition at the bottom. The recommendation is to clean and remove all 

unsound concrete and restore the concrete to its original thickness. We anticipate an average depth of 

concrete restoration to be 1”.  The additive alternate would include using a structural repair mortar 

with a calcium aluminate cement product such as Sewpercoat by Kerneos. Calcium Aluminate cements 

have both structural properties of Portland cement and are able to resist corrosion from acids down to 

a pH of 4. 

The additive alternate for Alternative 3 also includes adding an aluminum dome a protective coating 

applied to the exposed surfaces. Preliminary analysis of the addition of the aluminum dome cover 

indicates the structure has adequate strength to support the cover and the associated increased wind 

and seismic loads.  

6.8.3 Civil and Geotechnical Improvements 

6.8.4.1 Site Grading and Drainage 

Alternative 3 involves the construction of facilities within the existing filled areas of the plant site. No 

significant filling or grade changes will be required, nor will the existing drainage patters or drainage 

infrastructure be significantly altered. 

6.8.4.2 Access Drives 

The only changes to existing plant access drives will be the drive relocation and/or reconstruction 

associated with the PAA Contact Tank and delivery route. 

6.8.4.3 Geotechnical Investigations 

The geotechnical investigation for Alternative 3 is estimated to require approximately sixty (60) soil 

borings, as summarized in Table 6-6.  

Table 6-6 Geotechnical Boring Requirements – Alternative 3 

Boring Locations Estimated Number of Borings Estimated Depth (feet) 

At Proposed Structures/Buildings 34 30 – 100 

At Proposed Pipes 16 10 – 20 

In Existing Pavement 6 5 
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6.8.5 Yard Piping Improvements 
6.8.5.1 Subsurface Utility Engineering 

GPR for this Alternative will be broken down by major structures to be constructed. Size of the areas 

to be explored are as follows: 

 Biotowers 1 through 4 – approximately 4 acres 

 Biotowers 5 and 6 – approximately 2 acres 

 RAS Reaeration Basin – approximately 2 acres 

 PAA Contact Tank – approximately 3 acres 

Drawing GS-C-10 identifies thirty-one (31) Level A locales. For budgeting purposes it is 

recommended that fifty (50) locales be allocated for this Alternative. 

6.8.5.2 Piping Modifications 

Piping modifications will include, but are not limited to, cutting, capping, removal, abandonment, 

relocation, tapping and connecting. Drawing GS-C-10 presents the proposed yard piping 

improvements listed below. 

Biotowers 1 through 4, 5 and 6 Areas (lengths are doubled to account for recycle and return lines) 

 Install 2,400 feet of 54-inch OAD-FRP 

 Install 4,900 feet of 32-inch OAD-FRP 

 Cut and cap 102-inch PCCP 

 Install 80 feet of 102-inch PCCP connecting the existing 102-inch PCCP and the proposed 

Intermediate Pump Station Diversion Box 

RAS Reaeration Basin Area 

 Remove 1000 feet of 24-inch RAS-DIP 

 Remove 500 feet of 18-inch sludge DIP 

 Install 1400 feet of 18-inch sludge-DIP 

 Tie in the diffuse aeration system in the new basin to the existing air piping 

PAA Contact Tank Area 

 Cut and cap 72-inch PCCP clarifier effluent 

 Install 130 feet of 72-inch PCCP and tie into existing 72-inch PCCP 

 Install 1,500 feet of 36-inch RAS-DIP 

 Install 400 feet of 102-inch EFF-PCCP 
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 Install 300 feet of 84-inch SCE-PCCP 

It is preferable to not disturb existing gravity lines, and while it is assumed at this time that existing 

gravity lines will not be disturbed, once utility locales and final pipe routing are completed relocation 

and/or rerouting of existing gravity lines may be required. 

6.8.5.3 Minimum Cover 

Minimum cover for all pipe shall be 36 inches. Table 6-7 provides minimum cover to overcome 

buoyancy for various pipes where calculations indicate a required depth greater than 36 inches. 

Table 6-7 Minimum Cover for Yard Piping – Alternative 3  

Nominal Size 
(inches) 

Material 
Minimum Cover of 

Saturated Soil (inches) 

54 FRP 47.5 

102 PCCP 50.7 

 

6.8.6  Electrical 
The electrical load for the proposed Alternative 3 improvements is estimated to be 2,250kVA. Power 

to the new process equipment will be delivered through new 23 kV distribution loops originating from 

the new substation. The new distribution loops will include one normal circuit and one emergency 

circuit for redundancy.  

The electrical system for the proposed biofilter facility consists of two 1,500 kVA, 23 kV-480Y/277 V, 

pad-mounted transformers located outside the proposed electrical building, one 480Y/277 V, 2,000 A 

motor control center (MCC) with a main-tie-main configuration, one 75kVA step-down dry-type 

transformer and one 208Y/120 V, 200 A panelboard, all of which will be located in the new electrical 

building. The electrical room will be air conditioned to ensure performance of the electrical and 

control equipment located inside.    

The electrical system for the proposed RAS Pump Station consists of two 500 kVA, 23 kV-480Y/277 V, 

pad-mounted transformers and a 480Y/277V, 800A motor control center (MCC) in NEMA 3R 

enclosure with main-tie-main configuration located outside the RAS Pump Station.  

Figure 6-3 presents the electrical one-line diagram and Figure 6-4 presents the electrical site plan for 

the proposed improvements included in Alternative 3. 

6.8.7 Hydraulic Analysis 
The basis for analysis described in Alternative 1 is similar for Alternative 3.  The Alternative 3 

hydraulics were assessed for a MD design flow of 156 MGD through the entire plant and a RAS flow of 

47 MGD between the existing aeration tanks and the secondary clarifiers.  Drawing GP-G-22 shows 

the Hydraulic Profile of this design alternative at MD flow.  

Similar to Alternative 1, Alternative 3’s flow follows the existing plant’s flow path from the 

Comminuter Influent Chamber to the upstream side of the Intermediate Pump Station. A new Flow 

Structure built adjacent to the north wall of the Intermediate Pump Station effluent box will convey 

flow through a new section of 102-inch pipe before connecting to the existing 102-inch piping 

upstream of the existing Flow Control Structure.  From the Flow Control Structure, flow will follow its 

existing path to the existing Aeration Tanks. Downstream of the existing Aeration Tank batteries, 
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mixed liquor flow will then be split between a total of ten Secondary Clarifiers, including the existing 

eight Secondary Clarifiers and two proposed Secondary Clarifiers.   

Effluent from the eight existing Secondary Clarifiers will combine upstream of the modified Parshall 

Flume Structure in the proposed Clarifier Effluent Junction Box. Effluent from the two proposed 

Secondary Clarifiers will join the flow path further downstream, at the proposed Clarifer 5N-S 

Junction Box, where the existing Chlorine Contact Distribution Box is located. From this point on, the 

combined flow will be conveyed to the proposed Disinfection Junction Box, where it will be diverted to 

the PAA Contact Basin. Similar to Alternative 1, the combined Secondary Clarifier effluent flow would 

split the between two contact channels, and then recombine at the downstream end of the basin 

before flowing back to the original plant effluent piping downstream of the existing Bypass Junction 

Box. 

For Alternative 3, hydraulic modifications are also necessary to accommodate the MD flow through 

the new treatment units, including the following: 

� A new section 102-inch pipe will carry the North Train’s flow from the Intermediate Pump 

Station Flow Structure to the existing 102-inch pipe, upstream of the existing RAS flow junction 

point. 

� Similar to Alternative 1, the Parshall Flume Structure would be modified by demolishing the 

flume and connecting the effluent culvert piping to the Secondary Clarifier Junction Chamber, 

renamed the Clarifier Effluent Junction Box.  

� The existing Bypass Junction Box would be modified into a two-chamber Disinfection Junction 

Box structure to divert the Secondary Clarifier from the North Train to the PAA Contact Basin. 

See Section 7 for further information regarding the junction box/parshall flume information. 
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Section 7   

Miscellaneous Plant Improvements 

7.1 Effluent Pump Station Improvements 
Improvements to the Effluent Pump Station include electrical improvements for new service and 

transformers.  The hydraulic design considerations for the Effluent Pump Station pumps 

7.1.1 Electrical Improvements 

The Effluent Pump Station (EPS) electrical distribution system consists of power switch station PS4E 

rated at 23 kV, 600 A,  power center PC11 transformer rated 3ϕ, 23 kV-4160 V, 1,000 kVA and motor 

control center MCC6 rated 3ϕ, 4160 V, 1,200 A. Four effluent pumps and one 30kVA dry-type 

transformer for accessory loads are connected to MCC6. Pumps 1 and 2 are rated at 350 horsepower 

(hp), while pumps 3 and 4 are rated at 300 hp. The existing 1,000 kVA transformer PC11 was not 

adequately sized to run all pumps simultaneously, which is required by the City. The transformer 

should be upgraded to 1,500 kVA to meet this requirement, per the load calculation shown in Figure 

7-1. The existing concrete transformer pad will be reused along with the existing primary and 

secondary ductbanks. The primary and secondary feeders, although adequately sized for the upgraded 

transformer size, are over thirty years old and should be replaced.  

 CONNECTED LOAD 
DESCRIPTION QTY HP FLA KVA KW TOTAL FLA 

EFFLUENT PUMP NO 1 1 350 46.8   46.8 
EFFLUENT PUMP NO 2 1 350 46.8   46.8 
EFFLUENT PUMP NO 3 1 300 40.1   40.1 
EFFLUENT PUMP NO 4 1 300 40.1   40.1 
XFMR PANEL A 1  4.16 30.0  4.2 

       

SUM OF CONNECTED      178.0 

25% OF LARGEST MOTOR      11.7 
       

Total      189.7 
       

Total Connected Load (KVA) 1,366.8      

Total Connected Load (A) 189.7      
 

 

Figure 7-1 Effluent Pump Station Load Summary 

 

Another issue the City has identified with the Effluent Pump Station is the lack of a redundant power 

source, unlike the rest of the existing plant process equipment. Without standby power, failure of the 

single electrical feed would result in the inability to operate the Effluent Pump Station.  Therefore, a 

second feeder from the alternative medium-voltage circuit will be installed to provide redundant 

power to the Effluent Pump Station via another 1,500 kVA pad-mounted transformer. An automatic 

transfer switch rated at 4160 V, 1200 A in a NEMA 3R enclosure will be provided onsite to provide 

circuit-switching between the two power sources.  
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The proposed improvements for the Effluent Pump Station improvement will provide an electrical 

distribution system that will allow all effluent pumps to run simultaneously with the 100-percent 

redundant alternative circuit available immediately and automatically should the primary circuit fail.  

The first Guaranteed Maximum Price Package (GMP 1) will include the installation of one of the 1,500 

kVA pad-mounted transformers.  The draft design package for GMP for this item is included in 

Appendix D. The proposed improvements associated with the secondary treatment and disinfection 

system upgrades will likely require relocation of some of the existing medium-voltage underground 

distribution infrastructure, including the primary feeder to the Effluent Pump Station service 

transformers. The replacement of the existing primary and secondary feeders, the installation of the 

redundant 1,500 kVA pad-mounted transformer, the automatic transfer switch and their associated 

new primary and secondary feeders and ductbank will be performed in a future phase when the final 

routing of the medium-voltage underground distribution infrastructure is determined.  

7.1.2 Mechanical Improvements 

The existing Effluent Pump Station has four Byron Jackson Model 52 PMR VCT 1 Stage, 400 hp vertical 

mixed flow pumps. CDM Smith believes this pump model is still manufactured, albeit by Flowserve, 

and it may be possible to refurbish these pump if it is required. Factory test results for these pumps 

was conducted in 1986, making the pumps approximately 29 years old.  The pumps are used to lift 

plant effluent from the Effluent Pump Station wet well to the Effluent Pump Station discharge channel 

through individual discharges, which makes the system head mainly static lift with a minimal friction 

component. The original factory test curves indicate the existing pumps have a normal operating head 

of 20 to 25 feet: at 25 feet the pumps have a flow of 39,000 gallons per minute (gpm), or 56.2 million 

gallons per day (MGD) each. This means the Station has 168.5 MGD capacity with three pumps in 

operation.  However, it has been reported that the Station cannot currently achieve these flow rates 

with three pumps in operation. It is recommended to conduct flow tests on the existing pumps and 

compare the results to the original factory test results. If it is determined that the current performance 

does not match the original factory test, it is recommended that the pumps be inspected and rebuilt to 

achieve original performance, if desired.     

The Effluent Pump Station will operate the same in both Alternative 1 and Alternative 3.  The Effluent 

Pump Station will be placed into operation when the river stage reaches elevation 206, at which point 

operations staff would close the gate to the main outfall in the Disinfection Junction Box and open the 

gate to the Effluent Pump Station.  The Effluent Pump Station would then be required to start one, two 

or three pumps, depending on plant flow. The pumps would be designated as lead, lag, lag 2 and 

standby. The pumps will be controlled to start and stop in automatic mode by monitoring the level in 

the wet well, with pre-selected start and stop elevations provided for the lead, lag, and lag 2 pumps. 

7.2 Coarse Screen Improvements 
This section provides an evaluation of coarse screening removal technologies available for use at the 

Maxson WWTP and includes a recommendation for the proposed technology to be implemented. 

7.2.1 Background 

The existing headworks building was constructed in the mid-1970’s and currently utilizes two influent 

channels with two manually-cleaned coarse screens, in series, in each channel. The existing coarse 

screens utilize embedded guiderails and an overhead wire rope winch that allows them to be removed 

from the channel to be manually cleaned. Screenings are placed on one of two belt conveyors, where 
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they are conveyed into the screenings dumpsters located outside of the building. The City staff has 

estimated the screens to have a spacing between 1-1/2-inches and 2-inches. 

Although the coarse screens were replaced and the channels repaired around 1999, further concrete 

degradation in the channels, operator safety concerns and a lack of screen capture have been reported 

to the City since the earlier repairs. As a result, the City has asked CDM Smith to evaluate what type of 

coarse screening removal technologies are available for use at the existing headworks building. 

7.2.2 Screen Evaluation Criteria 

The coarse screens are intended to collect large debris and protect the influent pumps, while the fine 

screens located between the grit tanks and the primary clarifier distribution structure are intended to 

collect rags and small material to prevent problems with material collecting in the primary clarifiers 

and aeration tanks. The fine screens have a 3/8-inch bar spacing. 

The coarse screen criteria are summarized in Table 7-1. 

Table 7-1 Coarse Screen Evaluation Criteria 

Parameter Value Notes 

Total Peak Hour Flow, MGD 170  

Total Design Average Flow, MGD 90  

Total Minimum Flow, MGD 50  

No. of Channels 2  

Channel Width, feet 6.5  

Channel Height, feet 10 To underside of slab 

Channel Invert Elevation 181.25  

Operating Floor Elevation 229.0  

Minimum Rake Engagement Frequency, minutes 5  

Angle of Inclination (from horizontal), degrees 80  

 

The key criteria considered when evaluating the screening alternatives include: 

� Ease of operation and maintenance 

� Review of similar installations for reliability and ease of maintenance 

� Number of similar installations in service 

� Headloss through the screen and potential impact to the hydraulic grade line of the Maxson 

WWTP 

� Materials of construction 

� Screen capital cost 

� Screen dimensions and arrangement 

� Manufacturer’s ability to offer a wash press in a common screenings treatment package. 
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The operations and maintenance requirements for the screens and screenings wash presses evaluated 

herein are estimated to be approximately the same. Screen manufacturers indicate that all routine 

maintenance requirements are performed above and outside of the channel. The motors required to 

operate all of the evaluated screens and screening wash presses are small horsepower, therefore 

power requirements are approximately the same and considered minor when compared to the overall 

WWTP power requirements. Most units have similar moving parts and have similar recommended 

maintenance requirements. 

7.2.2.1 Headloss Evaluation 

During high flow conditions the existing coarse screen system floods. This is a result of blinding across 

the manually cleaned screens, a high wet well water surface elevation (the wet well water surface 

elevation is a key factor in the headloss across the screens), and simply too much wastewater entering 

the headworks building. While new mechanically cleaned coarse screens would improve screening 

removal and operator safety, it will not eliminate flooding in the coarse screen area of the headworks. 

As a result, the objective of installing new mechanically cleaned coarse screens is to eliminate the 

manually cleaning of the screens, and decrease the bar spacing so that the hydraulic impacts are no 

worse than the current conditions.  

The headloss through a screen is impacted by the available flow area; which are driven by screen 

blinding rate, bar spacing, and downstream water surface; and the flow through the screen. The 

blinding rate is a function of the frequency with which the screen is cleaned, i.e. climber screens 

typically have a blinding rate of 40 to 60-percent, while multi-rake screens have a blinding rate of 10 

to 20-percent. The bar spacing is variable depending upon the desired screening capture and the 

available headloss, and the flow rate is set at a given facility. So the primary variable that can be 

manipulated is the downstream water surface elevation. The City of Memphis provided the hourly 

instantaneous influent pump station discharge flow, and water levels upstream and downstream of 

the existing coarse screens from May 2015 through November 2015. That data is summarized in 

Table 7-2.  

Table 7-2 Hourly Influent Pump Station Flow and Water Depth Data 

Parameter Average 
Percentiles1 

50th 90th 95th 

IPS Discharge Flow, MGD 66.8 62.1 84.7 102.9 

Water Depth Upstream of Screens, inches 106.3 105.9 133.7 143.1 

Water Depth Downstream of Screens, inches 75.2 75.7 105.4 115.6 

Notes:  1. Based on hourly data from May 2015 through November 2015 

 

The downstream water surface is the same water surface in the influent pump station wet well. 

Therefore, the plant staff are able to control the downstream water surface to a degree. Based on 

discussions with Maxson plant staff, the downstream water surface elevation data used to calculate 

screen headloss will be based on the 50th percentile and checked against the 90th percentile to ensure 

the upstream water depth doesn’t exceed 120 inches at peak flow. Bar spacing of 1-inch, 1-1/4-inch 

and 1-1/2-inch were evaluated for these calculations. Other assumptions used for the headloss 

calculations included: 

� Blinding rate of 50-percent for climber screens and 20-percent for multi-rake screens 
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� Screen frame protrudes 6-inches from each channel wall 

�  Bar thickness is 3/8-inch 

� Maximum upstream water depth is 120 inches 

� 50th percentile downstream water depth is 76 inches 

� 90th percentile downstream water depth is 105 inches 

� Peak Hour Flow is 170 MGD 

� Design Average Flow is 90 MGD 

� Two channels are in service 

The results of the headloss calculations are summarized in Table 7-3 for climber screens and Table 

7-4 for multi-rake screens. 

Table 7-3 Climber Screen Headloss Calculation Results 

Parameter 

Downstream Depth = 

 50th Percentile 

Downstream Depth =  

90th Percentile 

Peak Flow Average Flow Peak Flow Average Flow 

Total Flow, MGD 170 90 170 90 

Number of Operational 

Screens 
2 2 2 2 

Flow per Screen, MGD 85 45 85 45 

Bar Spacing, inches 1 1.25 1.5 1 1.25 1.5 1 1.25 1.5 1 1.25 1.5 

Channel Velocity, feet 

per second 
3.20 3.20 3.20 1.69 1.69 1.69 2.31 2.31 2.31 1.22 1.22 1.22 

Velocity through Bars, 

feet per second 
10.39 9.82 9.44 5.50 5.20 5.00 7.52 7.11 6.83 3.98 3.76 3.62 

Free Space Between 

Bars1, feet 
4.00 4.23 4.40 4.00 4.23 4.40 4.00 4.23 4.40 4.00 4.23 4.40 

Assumed Downstream 

Water Level, feet 
6.33 6.33 8.75 8.75 

Channel Freeboard, feet 1.50 1.76 1.92 3.06 3.13 3.18 0.11 0.25 0.33 0.93 0.97 0.99 

Headloss, feet 2.17 1.91 1.75 0.61 0.54 0.49 1.14 1.00 0.92 0.32 0.28 0.26 

Upstream Water Level, 

inches 
102 99 97 83 82 82 119 117 116 109 108 108 

Blinding Factor 50% 50% 50% 50% 

Notes:  1. Assumes frame takes up 1 foot of channel width 
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Table 7-4 Multi-Rake Screen Headloss Calculation Result 

Parameter 

Downstream Depth = 

 50th Percentile 

Downstream Depth =  

90th Percentile 

Peak Flow Average Flow Peak Flow Average Flow 

Total Flow, MGD 170 90 170 90 

Number of Operational 

Screens 
2 2 2 2 

Flow per Screen, MGD 85 45 85 45 

Bar Spacing, inches 1 1.25 1.5 1 1.25 1.5 1 1.25 1.5 1 1.25 1.5 

Channel Velocity, feet 

per second 
3.20 3.20 3.20 1.69 1.69 1.69 2.31 2.31 2.31 1.22 1.22 1.22 

Velocity through Bars, 

feet per second 
6.5 6.1 5.9 3.4 3.2 3.1 4.7 4.4 4.3 2.5 2.4 2.3 

Free Space Between 

Bars1, feet 
4.00 4.23 4.40 4.00 4.23 4.40 4.00 4.23 4.40 4.00 4.23 4.40 

Assumed Downstream 

Water Level, feet 
6.33 6.33 8.75 8.75 

Channel Freeboard, feet 3.0 3.1 3.1 3.5 3.5 3.5 0.9 0.9 1.0 1.1 1.2 1.2 

Headloss, feet 0.7 0.6 0.5 0.2 0.2 0.2 0.4 0.3 0.3 0.1 0.1 0.1 

Upstream Water Level, 

inches 
84 83 83 78 78 78 109 109 108 106 106 106 

Blinding Factor 20% 20% 20% 20% 

Notes:  1. Assumes frame takes up 1 foot of channel width 

 

These results indicate that both the climber and multi-rake screens can maintain an upstream water 

depth less than 120 inches at peak flow and the 90th percentile downstream water depth at all three 

bar spacings. The velocity through the climber screen at peak flow conditions ranges from 10.39 feet 

to 6.83 feet per second, depending on the bar spacing and downstream water depth. It is worth noting 

that velocities this high lead to a reduced screenings capture efficiency, however this occurs at the 

peak hour condition which is considered an infrequent occurrence. 

7.2.3 Screen Alternatives 

There are numerous screening technologies available to provide coarse screening to wastewater flow. 

CDM Smith focused on screening technologies that are appropriate for combined sewer or combined 

sewer like flow - climber type mechanical bar screens and multiple rake type mechanical bar screens. 

These bar screens are generally considered to be more robust in design than other types of screens 

and are less susceptible to damage from debris. 

Each screen type is described in further detail below. 

7.2.3.1 Climber Screens 

The climber-type screen utilizes guide tracks, mounted to the inside of the screen frame, for the rake 

assembly shaft rollers. This design eliminates the need for a lower sprocket and drive chain, which in 

turn eliminates the need for permanently submerged moving parts. However, this design is not low-

profile: eliminating the need for permanently submerged parts increases the overall height of the unit 

above the operating floor and discharge point. Many screen manufacturers such as Vulcan Industries, 

Infilco Degremont Industries (IDI), Huber and JWCE, manufacture climber type screens. Vulcan 
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Industries Inc. was contacted to provide further detail for this evaluation. It is worth noting that the 

existing fine screens at the Maxson WWTP are climber screens from Vulcan Industries. 

Vulcan Industries manufacturers a climber type vertical bar screen called the Mensch Crawler Bar 

Screen. The screen is made with thick support pieces for applications like that at the Maxson WWTP. 

The physical setting of the bar screen rests at an angle in the influent channel while a large single rake 

arm removes debris. Each pass of the large rake arm removes a similar volume of screenings as the 

smaller multiple flight screen equipment. The rake carries the debris from the low point of the bar 

screen to a discharge point above the channel. At the discharge point, a wiper blade assembly helps 

removes all debris from the rake arm. The rake teeth fully penetrate the bar screens to avoid clogging. 

The drive motor and all other mechanical parts are located above the water elevation. The bar rack, 

rake assembly and side frame can be made of 304 or 316 stainless steel to mitigate potential corrosion 

concerns. Given the corrosive nature of the conditions in the headworks building, 316 stainless steel 

was utilized. 

The Mensch Crawler has the option of a two speed drive motor that operates the rake speed from 

approximately 20 feet per minute during normal flow conditions to 40 feet per minute during high 

flow conditions.  This feature is useful in taller screen applications, (similar to Maxson) so as to limit 

blinding by leaves, rags or other similar materials during the first-flush of a wet weather type events.  

In such a condition, the excessive differential head across the screen would be sensed and the screen 

would automatically switch to the higher speed thereby minimizing the travel time of the rake. For the 

Maxson application, the rake would engage the bar rack for cleaning every 3 to 4 minutes, even though 

the distance between the operating floor and the channel invert is 47.75 feet. 

7.2.3.2 Multi-Rake Vertical Screens 

The multiple rake type vertical screen is a relatively newer technology as compared to the climber 

type screen. Vulcan Industries Inc. was selected for further detailed evaluation. The multiple rake type 

vertical screens are generally equipped with upper and lower sprockets that carry the drive chain. The 

individual rake bars are then attached to these two chains. Multiple rakes are attached to the chain to 

permit quick cleaning of the bars and to reduce the amount of screen blinding.  

The bar screen rests at an angle in the influent channel while multiple rakes or flights rotate in/out of 

the channel to remove debris. These flights carry the debris from the low point of the bar screen to a 

discharge point. Each flight carries less material than either rake arm of the climber screens, but the 

multiple flights and varying rotation speed create a removal rate in the vicinity of 116-233 cubic 

feet/hour. At the discharge point, a scraper mechanism helps removes all debris from the rakes. The 

rake teeth fully penetrate the bar screens to avoid clogging. The drive motor, upper drive shaft and 

upper sprocket are located above the water elevation, while the lower drive shaft and lower sprocket 

are submerged in the channel. The design of the multiple rake screens allows for these units to have 

very low headroom requirements with only a minimal amount of equipment located above the screen 

discharge point. Even so, this design puts moving parts (the lower sprocket and bearing) below the 

water level. To address this issue, some manufacturers indicate that the lower sprocket and bearing is 

a self-lubricating design and grease lines are not required.   

The screen drive motor is typically controlled by a VFD (variable frequency drive) to moderate the 

rate at which the rakes revolve.  
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Based on discussions with the manufacturer, multiple rake screens are not recommended for 

application at the Maxson WWTP due to issues that would result from the required distance between 

chain sprockets. 

7.2.4 Other Screen Technologies 

Types of influent screens that were not considered as part of this detailed evaluation include Step-

style, Center-flow and Belt/Band screens.  The Step-style screen was not considered because this 

equipment does not handle grit very well and for this application grit removal will occur after 

screening. Grit could collect on the channel floor before the first step and grit could get jammed 

between the lamella bars, causing them to flex if the plastic lamella spacers have worn down. 

Excessive flex can cause the lamellas to rub against each other or possibly jam together. The Center-

Flow screen was also not considered because this equipment requires a much larger channel size and 

backwash system. It is also newer technology in the United States. The Belt/Band screen was also not 

considered because of the higher headlosses through the screen relative to the other options.  In 

addition, screened material remaining on the belt of a Belt/Band screen could reenter the 

downstream flow if not removed by the brush or spray of the mechanism - this is more likely to 

happen with combined sewer flow.   

7.2.5 Cost Evaluation 

CDM Smith contacted Vulcan Industries Inc. and obtained quotes for climber and multi-rake screens 

with dedicated washers and compactors. Quotes from Vulcan Industries Inc. are based on the below 

criteria and provided in Section 8 of the report.  

� Material: 304 Stainless Steel 

� Bar spacing: 1” 

� Bar width: 3/8” 

� Channel width: 6 ½’ 

� Bar rack height: 10’ 

� Control requirements: 

- One NEMA 4X control panel for each screen and W/C combination 

- Control shall be PLC based 

- Include Vulcan’s standard control system (alarms, etc.) 

- Panel shall include touch screen for operator interface 

- Provide Ethernet connection for monitoring of screen & W/C remotely via SCADA 

- Two NEMA 7 radar transducers and transmitters (the two LE units will be utilized by both 

screens) 

- One NEMA 7 float switch with transmitter (one for each screen) 

- Provide one NEMA 7 disconnect for the Screen 
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- Provide one NEMA 7 local control station for the screen with: 

� Push-to-Stop/Pull-to Run emergency stop maintained push button with lockout 

� HAND/OFF/AUTO selector switch 

� FORWARD/OFF/REVERSE selector switch. Switch shall spring return from 

REVERSE to OFF.  

- Provide one NEMA 7 disconnect for the W/C 

- Provide one NEMA 7 local control station for the W/C with: 

� Push-to-Stop/Pull-to Run mushroom type emergency stop maintained push button 

with lockout. 

� HAND/OFF/AUTO selector switch. 

� FORWARD/OFF/REVERSE selector switch. Switch shall spring return from 

REVERSE to OFF.  

� Hopper Wash HAND/OFF/AUTO selector switch. 

� Press Zone Wash HAND/OFF/AUTO selector switch. 

� Pan Wash HAND/OFF/AUTO selector switch 

- Freight to Memphis, TN 

- Vulcan Industries Inc. to provide three trips to the site 

� One for installation assistance 

� Two for equipment start up and testing 

7.2.6 Recommendation 

Climber screens with 1-inch bar spacing as manufactured by Vulcan Industries are recommended for 

installation in the headworks building in each channel. The selection of this type of screen was based 

on the fact that multi-rake screens aren’t recommended by the manufacturer due to the depth of the 

installation and on City staff preference as they have had successful operation at other locations.  

Each screen will be supplied with a dedicated screenings wash press/compactor unit. The discharge 

pipes from the units will be designed and oriented such that the units can discharge screenings 

directly to a conveyor system or outside into a screenings dumpster. 

7.3 Headworks Odor Control Improvements 
7.4.1 Background 

The Recommendations for Odor and Corrosion Control for the Memphis Wastewater Collection and 

Treatment System report completed in 1997 (the “1997 Report”) recommended that a 30,000 cubic 

feet per minute (cfm) biofilter be installed to provide odor control for the existing influent structure 
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biofilter, and a 10,000 cfm odor control biofilter be installed to ventilate and treat the grit chambers, 

Clarifier Splitter Box and clarifier launders.  These biofilters were installed several years after the 

report and now require replacement. It is assumed that the cost for complete renovation of the 

existing biofilters is comparable to the cost for a new biofilter, and therefore complete replacement 

cost should be used for comparison.   

The 1997 Report identified hydrogen sulfide (H2S) levels of 150 parts per million (ppm) for the 

influent structure. This report did not include H2S levels for the grit or primary tanks; however, the T.E 

Maxson Wastewater Treatment Plant Odor Control Investigation Technical Memorandum report 

completed in 2013 (the “2013 Report”) identified average H2S levels greater than 200 ppm, with levels 

exceeding 1000 ppm on occasion for these structures. Biofiltration is not an appropriate odor control 

process to treat this level of H2S: as a rule, 50 ppm is the maximum H2S level that should be treated in 

an organic media biofilter. Levels higher than 50 ppm result in excess acidification that exacerbates 

the mineralization of the media and decreases the media life. In addition, the biofilters have 

breakthrough of both H2S and organic odorous compounds, which will actually create additional 

odorous compounds.  Of these compounds, dimethyl disulfide (CH3)2S2 is of particular concern as it 

has a nasty odor with a very low perception level.   

Further, the construction of the biofilters without covers enhances the degradation of the media 

creating wet zones that transmits air and as a result channeling or short-circuiting occurs releasing 

untreated foul air to the atmosphere.   

7.4.2 Biofilter Costs 

The cost to completely renovate the existing biofilters, based on the costs included in the 1997 Report 

with escalation, is presented in Table 7-5. These existing biofilters use organic media. 

Table 7-5 Biofilter Renovation Costs 

Item 
Airflow 

(cfm) 
Number 

Area, 

each (sf) 
Cost/sf 

H2S Level 

(ppm) 

Media 

Warranty 

Installed 

Cost 

Organic Media Biofilter 40,000 4 3,333 $601 50 None $800,000 

Notes:  1. 1997 Report used $40/sf; current price includes escalation 

 

The cost for a new biofilter system, comprised of a complete enclosed, concrete design with ten-year 

media life is presented in Table 7-6. This new biofilter system will use synthetic media. Note that it is 

not possible to compare the organic media system and the synthetic media system costs based on 

square footage, although the synthetic media design will not require additional space. 

Table 7-6 New Biofilter Costs 

Item 
Airflow 

(cfm) 
Cost/cfm 

H2S Level 

(ppm) 

Media 

Warranty 

Direct Cost 

for 

Comparison 

Synthetic Media Biofilter 40,000 $90 50 Ten years $3.6M 

 

Section 8 presents the complete cost estimates for the recommended option.  The costs in Table 7-6 

and 7-7 are presented for comparison purposes only and are not the complete installed cost. 
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7.4.3 Odor Control Biotrickling Filter Assessment 

CDM Smith recommends an advanced biological treatment design that utilizes the same principles of a 

biofilter, with the reactions completely enclosed in a fiberglass reinforced plastic (FRP) vessel with 

plastic structured media. These “Biotrickling Filters” are counter current reactors with water sprayed 

over the top of the media and air traveling upward across the media.  Mass transfer of H2S occurs on 

the plastic media surface where it is converted biologically to sulfuric acid (H2SO4). This process is 

different from an organic biofilter: the acid does not attack the plastic media and is washed away with 

the reactor blow-down. Operations and maintenance (O&M) considerations for these systems include: 

� Fan Maintenance 

- Belts 

- Lubrication 

� Irrigation Control Oversight 

- Water Pressure 

- Drainage pH 

- Irrigation pressure and Flow 

� Nutrients 

- Replenishment of Nutrient every 30 days  

The design for 40,000 cfm and an average H2S level of 250 ppm with peaks to 500 ppm would include 

four separate 12 ft. diameter vessels operating in parallel. Figure 7-2 shows a possible layout for this 

application, and Figure 7-3 shows a photo of an existing system of similar size. 

 
Figure 7-2 Biotrickling Filter Layout  
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Figure 7-3 Biotrickling Filter Installation 

 

Capital costs for this equipment are presented in Table 7-7. 

Table 7-7 Biotrickling Filter Costs 

Item1 Airflow 

(cfm) 
Number 

Diameter 

each (ft) 
Cost/cfm 

H2S Level 

(ppm) 

Media 

Warranty 

Direct Cost 

for 

Comparison 

Biotrickling Filters 40,000 4 12 $601 50 None $3.8M 

Notes:  1 Includes interconnecting ductwork between the fans and vessels. 

 

7.4.4 Assumptions 

The 2013 Report indicated that the airflow from the various odor sources at the headworks was 

insufficient due to water in the ductwork and flooding conditions at the plant.  This assessment 

assumes that there will be additional work done to correct the air conveyance system to maximize the 

flow from each source and minimize the concentrations to be treated, and that the design criteria of 

airflow and H2S levels will be confirmed afterward 

Note that H2S is a dangerous gas and exposure should not be taken lightly.   The United States 

Department of Occupational Health and Safety (OSHA) stipulates that H2S is “Immediately Dangerous 

to Health and Life” at 100 ppm: at this level H2S begins to paralyze the olfactory senses and the sense 

of smell is lost. Levels below 100 ppm can still cause serious health problems.  At one part per billion 

H2S can be a nuisance odor and create corrosion problems to exposed metal and electronics. OSHA 

exposure recommendations can be found at 

https://www.osha.gov/SLTC/hydrogensulfide/exposure.html. Health hazards associated with H2S are 

summarized in Table 7-8. 
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Table 7-8 H2S Health Hazards 

Concentration 

(ppm) Symptoms 

0.00011 – 0.00033 Typical background concentrations 

0.01 – 1.5 
Odor threshold (when rotten egg smell is first noticeable to some). Odor becomes more 

offensive at 3-5 ppm. Above 30 ppm, odor described as sweet or sickeningly sweet. 

2 – 5 
Prolonged exposure may cause nausea, tearing of the eyes, headaches or loss of sleep. 

Airway problems (bronchial constriction) in some asthma patients. 

20 Possible fatigue, loss of appetite, headache, irritability, poor memory, dizziness 

50 – 100 
Slight conjunctivitis (“gas eye”) and respiratory tract irritation after 1 hour. May cause 

digestive upset and loss of appetite. 

100 

Coughing, eye irritation, loss of smell after 2-15 minutes (olfactory fatigue). Altered 

breathing, drowsiness after 15-30 minutes. Throat irritation after 1 hour. Gradual 

increase in severity of symptoms over several hours. Death may occur after 48 hours. 

100 – 150 Loss of smell (olfactory fatigue or paralysis). 

200 – 300 
Marked conjunctivitis and respiratory tract irritation after 1 hour. Pulmonary edema 

may occur from prolonged exposure. 

500 – 700 
Staggering, collapse in 5 minutes. Serious damage to the eyes in 30 minutes. Death 

after 30-60 minutes. 

700 – 1000 
Rapid unconsciousness, “knockdown” or immediate collapse within 1 to 2 breaths, 

breathing stops, death within minutes. 

1000 – 2000 Nearly instant death. 

 

7.5 Instrumentation and Controls Improvements 
This section summarizes the proposed modifications and improvements of the existing SCADA system 

at the Maxson WWTP. 

7.5.1 Instrumentation 

Instrumentation furnished under this project will use the latest industry standards for monitoring the 

process parameters. For flow measurement the City requested the use of ABB magnetic flow meters. 

ABB magnetic flow meters are currently used at the site and have the Calmaster Calibration. At the 

time of construction the newest version of the calibration software will be furnished.  The effluent 

flow leaving the plant is currently measured using a Parshall Flume. Due to how it was constructed, 

the Parshall Flume does not accurately measure flow. It is important to improve effluent flow 

monitoring for historical data collection and to help the operations staff.  

High pressure switches and check valve limit switches on the discharge of all new pumps will serve as 

pump protection. These protection devices will be hardwired to the Variable Frequency Drive (VFD) 

or motor starters.  In addition, a liquid-filled pressure gauge will be installed on the discharge of each 

new pump. 

Dissolved oxygen (DO) measurement in the new aeration basins will be achieved using Hach analytical 

instruments. The DO probes will be pole mounted and extended into each new basin. This type of 

instrument needs frequent cleaning in order to keep the sensing head of the probe clear of debris. A 

probe air-blast cleaning system, manufactured by Hach, will be furnished with each new probe. This 

will reduce the down time of the probe required for manual cleaning.  
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Due to the harsh nature within the proposed peracetic acid (PAA) tanks, chemical-resistant level 

instruments will be used for this application. Continuous level monitoring will be measured using 

Pulsar Ultrasonic level instruments. The transducer within the tanks will be coated with a chemical 

resistant material. Point-level indication for high level/overflow conditions within the tanks will be 

achieved using a capacitance probe or float-type instrument. Leak detectors will be installed in each 

new double walled tank. 

Sludge blanket monitoring will be installed in all new and existing clarifiers. Monitoring of the sludge 

blanket in the clarifiers will help operations staff in determining the amount of sludge to waste and 

the amount to return. Manufacturers such as Entech and Cerlic will be further investigated to 

determine what option will give the most reliable reading.  

7.5.2 Controls Network 

All new controllers furnished under this project will be an Ovation Controller to match the existing 

controllers installed at the plant. New controllers will be connected to the existing plant fiber network. 

The use of fiber is preferred for this project due to inherent surge protection and high data transfer 

speeds. All new control equipment will reside in air-conditioned spaces due to the ambient levels of 

hydrogen sulfide (H2S) at the plant.  

It is anticipated that a new Ovation controller will be installed in the electrical building, along with 

new remote I/O cabinets installed near the clarifiers and chemical building. The new Ovation 

controller will be connected to the existing DCS system using a fiber connection back to the blower 

building. 

A project was conducted in 2014 to monitor temperature and vibration concerns on the existing 

blowers at the plant, in order to help better predict equipment failure. The project included the 

installation of the Ovation Machine Health System (MHM) system, which provides real-time 

performance monitoring and alarming using the CSI 6500 Machinery Health Monitor. All new blowers 

included under this project will be monitored and protected using similar equipment. An industrial 

computer with touch screen will be installed in a new control panel in the new blower building for 

monitoring and control of the equipment. 

7.5.3 Process Controls 

There are a number of options under consideration for control of the new aeration equipment. The 

most common approach for this control is to use feedback from the DO instruments in each aeration 

tank to adjust the position of the inlet air valve. Operations staff will have the ability to enter a desired 

DO set point into the controller, and the controller will then set the position of the control valve based 

off the PID tuning parameters. Operations staff will also have the ability to manual set the position of 

the valve from SCADA.  

Multiple options for controlling of the Returned Activated Sludge (RAS) pumps will be provided. One 

option is to base the flow set point of the RAS pumps on a percentage of the influent flow into the 

plant. Another option is to control the RAS pumps with a user-selected flow set point with feedback 

coming from the flow meter on the discharge of the pumps.  

The control of the Waste Activated Sludge (WAS) pumps will be achieved using a user-selected set 

point indicating the volume of sludge (in gallons) to be wasted. The WAS pumps will turn on based on 

a timer interval and will run until the selected volume of sludge is wasted. Monitoring of the sludge 

blankets in the clarifiers will also help operations staff determine how much sludge to waste per day.         
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The PAA metering pumps will have two application points for dosing of PAA, one at each end of the 

contact basin. The dosing to the primary application point will be based off a user-selected dosage set 

point (mg/L), with metering pump speed and subsequent dosing adjusted according to feedback from 

the effluent flow metering instrument. Another option for controlling dosing at the primary 

application points will be based on water quality: if excess color is detected in the water, additional 

PAA would be fed to the contact tank. Dosing at the secondary application points will be used to 

ensure there is a sufficient PAA residual in the effluent prior to discharge to the distribution system. If 

the desired PAA residual falls below a user-selected set point, additional PAA will be feed to the 

secondary application point. 

7.6 Gravity System Hydraulic Modifications 
7.6.1 Conveyance Between Intermediate Pump Station and Aeration Basins 

7.6.1.1 Alternative 1 

A new flow diversion structure is recommended downstream of the existing Intermediate Pump 

Station. The new structure will include two sets of weirs: one set to the existing process train and the 

other set to the proposed process train. The new flow diversion structure will be designed to split the 

170 MGD peak hour flow between the existing and proposed process trains. The weirs to the existing 

process train will need to have a combined length of 30 feet (between 3 and 6 weir gates), and the 

weirs to the new process train will need to have a combined length of 15 feet (2 to 3 weir gates). The 

head across the weirs will be approximately 1.6 feet at peak hour flow. 

The existing effluent box at the Intermediate Pump Station and the connection to the existing 102-inch 

main is not hydraulically ideal. The 102-inch main is not submerged under most conditions and there 

is significant turbulence in the effluent box that may be reducing the capacity of the main. It is 

recommended that the new flow diversion structure be approximately 14 feet deeper than the 

existing effluent box to allow maximum capacity to flow out the new discharge mains and to provide a 

reliable flow split across the weirs. 

Drawing DS-1-1 shows the new Flow Diversion Structure.  The structure would be connected to the 

existing Intermediate Pump Station effluent box, with four openings (5-feet by 6-feet each) saw cut 

into the existing effluent box wall. The new discharge mains would include a 72-inch to the proposed 

process train and a 102-inch main to the new North Train Anaerobic Selector. 

From a constructability standpoint, the existing Intermediate Pump Station and 102-inch main can be 

left in operation while the new Flow Diversion Structure is constructed. Bypass pumping will be 

required during the construction of the four openings between the structures. Bypass pumping would 

be used to divert flow from the Intermediate Pump Station influent channel to the existing Flow 

Diversion Structure before the existing process train. 

A second option to repurpose the Biotower Pump Station may provide capital cost savings to the City 

but increased operational costs due to continuous pumping.  This would include repurposing the 

existing Biotower Pump Station to pump the new process train. Three of the existing pumps, with 350 

hp WP-II motors and a rated head of 43 feet at 23,000 gpm, could be reused, as the rated head of these 

pumps is in the range required for the new service. The three pumps in the best condition will be 

selected for repurposing and will be equipped with new inverter duty motors and variable frequency 

drives (VFDs). However, the existing pumps would not have sufficient turn-down for the projected 

minimum flows, which will require the use of a new jockey pump. This jockey pump would be a 200 

hp Flowserve 24MVX-D, or equal, rated for 14,000 gpm at approximately 40 feet of head with a VFD. 
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The existing discharge has multiple 36-inch discharge pipes.  Two of these pipes could be used to 

connect into a new 48-inch discharge main to the new process train.  A new discharge magnetic flow 

meter (located above grade) would be installed on the new 48-inch discharge main. The plant control 

system would be modified to utilize the existing influent and the new discharge flow meters to send a 

set proportion of the total flow to the new process train by controlling the variable frequency drives 

on the pumps.    

The Biotower Pump Station wet well and Intermediate Pump Station influent channel would operate 

together, with the gates to each structure in the open position normally, which is an operational 

change. If this option is selected, it is recommended to further develop the design and conduct field 

tests to verify that no unforeseen operational issues will arise when operating the existing influent 

piping and gates in this manner.  

If all new equipment is desired, as opposed to repurposing the existing pumps, four pumps identical to 

the jockey pump described above could be installed to meet the station design flows of approximately 

50 MGD.  

From a constructability standpoint, half of the existing Biotower Pump Station could be kept in 

operation during the modifications by utilizing isolation valves on the existing discharge piping 

system. This approach would limit the required bypass pumping needed to make the proposed 

modifications.   

7.6.1.2 Alternative 3 

Hydraulic modifications required for Alternative 3 are similar to the modifications included in 

Alternative 1. A new flow diversion structure would be constructed and attached to the existing 

Intermediate Pump Station. This Structure would also be set 14 feet deeper than the Intermediate 

Pump Station to achieve maximum capacity of the 102-inch main.  As shown in Drawing DS-1-2, the 

Flow Diversion Structure proposed for Alternative 3 is not as large as for Alternative 1. It would also 

include four openings into the existing pump station wall, but for Alternative 3 these openings would 

be 4 feet by 5 feet. A new section of 102-inch main would be installed to connect the Flow Diversion 

Structure with the existing 102-inch main. 

The existing Intermediate Pump Station and 102-inch main can be left in operation while the 

proposed Flow Diversion Structure is construction. Bypass pumping would be necessary to construct 

the four openings between the two structures. The existing 102-inch main would be plugged where it 

leaves the existing pump station. Bypass pumping would be used to divert flow from the Intermediate 

Pump Station influent channel to the existing Flow Diversion Structure before the existing process 

train. 

7.6.2 Effluent Structures 

The existing Parshall Flume, Clarifier Effluent Junction Box, Chlorine Tank Distribution Junction Box 

and Bypass Junction Box will all require modifications or replacement due to hydraulic restrictions or 

changes in the plant design flow path associated with proposed improvements. 

7.6.2.1 Parshall Flume and Clarifier Effluent Junction Box 

The incorrect installation of the existing Parshall Flume has created hydraulic constraints and high 

headloss, requiring replacement of both that structure and the existing Clarifier Effluent Junction Box 

with a new Clarifier Effluent Junction Box. This proposed Junction Box is presented in Drawing JB-1-

1. 
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The proposed Clarifier Effluent Junction Box is a cast-in-place concrete box, 20 feet wide by 20 feet 

long. The existing effluent box culvert, two 72-inch clarifier effluent mains and clarifier bypass main 

will be extended into the new Junction Box. The existing 24-inch effluent water line back to the pipe 

gallery may need to be connected if it is still in service. Gates will be constructed in the box to isolate 

the 72-inch clarifier effluent main and the clarifier bypass main. 

7.6.2.2 Chlorine Tank Distribution Junction Box 

The existing Chlorine Tank Distribution Junction Box currently experiences 1 to 2 feet of headloss 

across the control gate. The Junction Box requires replacement under both Alternative 1 and 

Alternative 3. The replacement Chlorine Distribution Junction Box is presented in Drawing JB-1-1. 

Alternative 1: 

The existing Junction Box will be demolished and replaced with a new 8-foot by 6-foot box culvert 

connected to the existing effluent 8-foot by 6-foot box culvert. 

Alternative 3: 

The existing Junction Box will be demolished and replaced with the new Clarifier 5 N-S Effluent 

Junction Box. The new Effluent Junction Box is a 12-foot by 12-foot concrete box, connected upstream 

and downstream to the existing box culvert and the new effluent mains from Clarifiers 5-N and 5-S. 

7.6.2.3 Bypass Junction Box 

The Bypass Junction Box can either be used for bypass pumping (discussed below) or can be replaced 

with the proposed Disinfection Junction Box. If the Bypass Junction Box is used for bypass pumping, 

the new Disinfection Junction Box will be constructed upstream of the existing Bypass Junction Box. 

This new box, presented in Drawing JB-1-1 is required for both Alternatives. 

The new Disinfection Junction Box is a 30-foot by 15-foot box divided into two equal (15-foot by 15-

foot) halves. The two halves are divided by a wall with a 10-foot by 10-foot normally closed gate, 

which will allow the Disinfection system to be bypassed. The upstream half of the Junction Box will 

connect to the existing effluent box culvert and the new 102-inch main from the Disinfection system. 

The downstream half of the new Junction Box will have a connection to the 102-inch main from the 

Disinfection system, the new 84-inch main to the Effluent Pump Station, and either the existing 

effluent box culvert or 78-inch main. Isolation gates are required for the 102-inch mains, the 84-inch 

main and the effluent connection (box culvert or 78-inch main). 

7.6.2.4 Bypass Operations 

The proposed modifications/replacements for the existing effluent structures will require bypass 

operations during construction. This can be achieved by installing bypass pumping or bypass piping. 

7.6.2.4.1 Bypass Pumping 

A temporary bulkhead will be installed downstream of the existing baffle wall in the Parshall Flume 

and Clarifier Effluent Junction Box.  Once the bulkhead is in place the Clarifier Effluent Junction Box 

could serve as a wet well for bypass pumping during the construction.    

The bypass pumps could pump to either the existing Bypass Junction Box (inlet connection would 

need to be plugged or bulk headed), the Levee Gate Structure or the effluent channel of the Effluent 

Pump Station.  
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Additional discussion with TDEC will be required regarding use of the effluent channel of the Effluent 

Pump Station to determine if this discharge point could be utilized during bypass pumping. This may 

also require installing additional rip rap at the discharge point to protect the levee, as this discharge 

point is typically used during high river stages.   

During bypass pumping the new Clarifier Effluent Junction Box and downstream modifications would 

be completed. When these modifications have been completed, the new Clarifier 5 72-inch mains 

would be connect to the new Clarifier Effluent Junction Box. These connections would be made 

individually during low flow periods, allowing either the north or south clarifiers to be in service while 

the others are out of service. The temporary bulk head and reminder of the existing Parshall Flume 

and Clarifier Effluent Junction could then be demolished and the clarifier bypass connected to the new 

Clarifier Effluent Junction Box.   

7.6.2.4.2 Bypass Piping 

Utilizing a series of limited shut downs of the north or south clarifiers, temporary 60-inch mains could 

be connected to the existing 72-inch clarifier effluent mains which would then be routed to connect to 

the existing 66-inch chlorine contact influent mains. These 66-inch mains would also need to be 

disconnected from the Chlorine Tank Distribution Box. Once these mains were in service the existing 

Effluent Pump Station could be used to pump the effluent out of the plant during construction.  

Additional discussion with TDEC will be required regarding the use of the effluent channel of the 

Effluent Pump Station to determine if we could use this discharge point during bypass pumping. This 

may also require installing additional rip rap at the discharge to protect the levee, as this discharge 

point is typically used during high river stages.   

The Effluent Pump Station does have reported flow limitations so it would be necessary to have 20 to 

40 MGD of emergency bypass pumping from the existing Chlorine Contact Tanks to the Effluent Pump 

Station Effluent Box in the chance the plant experiences the design peak flow during construction. If 

this option is the preferred option moving forward, additional we could flow testing at the Effluent 

Pump Station will be conducted to determine the required flow from emergency bypass pumping.    

During the bypass operation, the new Clarifier Effluent Junction Box and downstream modifications 

would be completed. When these modifications have been completed the new Clarifier 5 72-inch 

mains would be connected to the new Clarifier Effluent Junction Box. These connections would be 

made individually during low flow periods, allowing either the north or south clarifiers to be in service 

while the others are out of service.     
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